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The Australian Energy Resource Assessment sets a new standard for supplying 
information across all energy sectors and understanding Australia’s energy future. 
Australia’s energy resources are the envy of the world. We have an abundance of 
both fossil and renewable fuels, many with potential we are only now beginning 
to realise. Our energy resources power our homes, cars and industry, and deliver 
considerable economic benefits. The energy sector employs people in every state 
and territory and assists in the building of communities in remote areas. 
Australia is in a unique position to support economic growth and growing global 
demand for energy. Nearly 20 cents in every dollar that Australia earns from 
overseas comes from energy resources and there is potential for much more.  
With new LNG projects getting up and running, by 2020 Australia can be the 
world’s second largest LNG exporter behind Qatar. Exports of coal and uranium 
are also expected to grow strongly over the next two decades. Domestically the 
use of our vast renewable energy resources will increase.
The Australian Energy Resource Assessment is a national prospectus for energy 
resources. It provides information crucial to those seeking to invest in Australian 
energy exploration and development, and describes in detail our known resources, 
and the potential for undeveloped resources both now and over the next two 
decades. It also increases understanding of our renewable resources which 
will assist investors seeking to develop these resources. As our energy use is 
constantly evolving, the Australian Energy Resource Assessment will also support 
informed decisions on future energy options.
By stimulating investment in the exploration and 
development of our energy resources we will ensure 
our economic prosperity, strengthen communities 
and develop skills for Australian workers. In a century 
when energy may come to be the defining global issue, 
we are committed to maintaining energy security for 
ourselves and contributing to the energy security of  
our trading partners.
The Australian Energy Resource Assessment is part of 
our vision for the future. A future where all Australians 
benefit from Australia’s energy resources.
Martin Ferguson AM MP 
Minister for Resources and Energy
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The secure supply of affordable, reliable, 
environmentally sustainable energy is essential to 
Australia’s future economic growth and prosperity. 
Australia’s future energy supply will need to have 
lower greenhouse gas emissions in order to meet 
the challenges posed by climate change driven 
by rising levels of carbon dioxide in the Earth’s 
atmosphere. This requires a higher level of 
understanding of Australia’s energy resources  
and the factors likely to affect their development  
and use. 
Geoscience Australia and ABARE were 
commissioned by the Australian Government 
Department of Resources, Energy and Tourism to 
undertake a comprehensive and integrated scientific 
and economic assessment of Australia’s energy 
resources. The assessment aims to inform future 
industry investment analysis and decision making 
and government policy development. It is the first 
time such an assessment has been undertaken.
Geoscience Australia is the Australian Government’s 
geoscience agency which provides geoscientific 
information and knowledge to enable government 
and the community to make informed decisions 
about the exploitation of resources, the management 
of the environment, and the safety of critical 
infrastructure. 
The Australian Bureau of Agricultural and Resource 
Economics (ABARE) is the Australian Government’s 
economic research agency which provides independent 
economic research, analysis and forecasting on issues 
relating to Australia’s agricultural, fishing, forestry, and 
energy and minerals industries.
The assessment brings together public information 
from a range of domestic and international 
sources, as well as the latest information held by 
Geoscience Australia and ABARE. For each of these 
resources, information and analysis is provided on 
current and potential resource size, distribution 
and characteristics, and the Australian and world 
markets. It also contains market projections to 
2030 and analysis of prices, costs, government 
policies, technological developments, environmental 
considerations and other key factors likely to affect 
the development and utilisation of the resource. 
In particular, renewable energy resources – energy 
resources that are replaced naturally on a time 
scale similar to their use – are expected to play an 
increasingly important role in Australia’s energy 
mix in the next two decades, especially in electricity 
generation. Renewable energy resources are diverse. 
They include geothermal; hydro; wind; solar; ocean; 
and bioenergy sources. 
Non-renewable energy resources will also continue to 
play an important role in Australia and overseas. These 
resources are dominated by the fossil fuels, which 
include: crude oil, condensate, liquefied petroleum 
gas and shale oil; conventional gas, coal seam gas, 
tight gas and shale gas; and black and brown coal, 
as well as the nuclear energy fuels uranium and 
thorium (potential). The stock of non-renewable energy 
resources is ultimately finite, but there is still good 
potential for discovering new economic reservoirs to 
replace the resources that are mined or produced,  
and so ensure future indigenous supply. 
The assessment covers the following resources: 
•	 crude	oil,	condensate,	liquefied	petroleum	gas,	
and shale oil; 
•	 conventional	gas,	coal	seam	gas,	tight	gas,	 









and is structured as follows. 
Chapter 1 presents a summary of the assessment 
and identifies key findings.
Chapter 2 is an overview of Australia’s energy 
resource base and market. It provides a holistic 
assessment of our combined energy resources, 
energy-related infrastructure, and Australian energy 
consumption, production and trade, as well as our 
place in the world energy market. It also assesses 
the key factors likely to affect the development and 
utilisation of Australia’s energy resources in the next 
two decades, including economic and population 
growth, energy prices, cost competitiveness of 
energy sources, government policies, technological 
developments and environmental considerations.
Chapters 3 to 12 contain detailed individual 
assessments for each of Australia’s key energy 
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resources. Each resource assessment follows a 
similar structure. The first part is a summary of 
the key information in the chapter. The second part 
includes background with definitions, the structure 
of the industry and the world market. The third part 
covers detailed information on the resources, such as 
economic and total demonstrated resources, location 
and characteristics. It also provides information on 
the Australian market for that resource, including 
production, consumption, recent growth, and any 
trade that occurs. The fourth part contains an outlook 
to 2030, which is a critical part of the assessment. 
It includes an assessment of the key factors that 
will affect the resource over that 20-year timeframe, 
including prices, cost of development, government 
policies, technological developments, infrastructure 
and environmental considerations. It also includes 
analysis of potential resources not yet identified, as 
well as projections of production, consumption, and 
any trade to 2029–30. These projections incorporate 
the Renewable Energy Target of 20 per cent of 
electricity supply by 2020 and a 5 per cent carbon 
emissions reduction below 2000 levels by 2020.
These assessments are supported by a number 
of Appendices. The Terms of Reference for the 
assessment are given in Appendix A. Appendix 
B contains a list of abbreviations used in this 
report and Appendix C provides a glossary of 
energy-related terms. An authoritative and rigorous 
form of resource classification, particularly for 
non-renewable resources, is central to ensuring 
that investment decisions can be made with 
confidence. Appendix D provides an explanation 
of how the non-renewable resources are classified 
and quantified, based largely on the McKelvey 
resource classification system. Renewable energy 
resources are commonly transient and not always 
available, and hence not readily classified using the 
McKelvey system. Renewable resources are often 
reported in terms of output or installed capacity. 
Estimates of renewable resource potential are 
based on maps that show the energy (or power) 
potentially or theoretically available at the site and 
detailed studies of the annual and diurnal variation 
in the energy to determine the capacity factor (the 
average actual energy output compared with the 
theoretical maximum possible output if the energy 
was continuously and fully available for use). 
In this assessment, energy resources, production, 
consumption and trade have generally been 
converted to a common energy unit – petajoules (PJ) 
– to enable direct comparison of different energy 
sources. Mineral and petroleum resources are also 
presented in volume or mass units commonly used 
in industry. 
The energy content of the different energy sources 
varies significantly. Fuels such as oil, natural gas, 
LNG and LPG generally have a high energy content, 
whereas brown coal and biomass generally have 
a low energy content for an equivalent weight. The 
energy content in this context is the gross energy 
content of the fuel – that is, the total amount of 
heat that will be released by combustion. Average 
energy contents and conversion factors are given in 
Appendix E. The values are indicative only because 
the quality of any fuel varies according to factors 
such as location and air pressure, grade of the 
resource, and so on. 
Australia’s petroleum and mineral resources have 
been formed by geological processes acting within a 
time scale of millions of years. The geological time 
scale and the timing of major energy forming events 
in Australia is given in Appendix F.
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K E y  m E S S a g E S
•	 This national assessment of Australia’s energy resources examines Australia’s identified 
and potential energy resources ranging from fossil fuels and uranium to renewables.  
It reviews and assesses the factors likely to influence the use of Australia’s energy 
resources to 2030 including the technologies being developed to extract energy more 
efficiently and cleanly from existing and new energy sources.
•	 Australia has an abundance and diversity of energy resources. Australia has more than 
one third of the world’s known economic uranium resources, very large coal (black and 
brown) resources that underpin exports and low-cost domestic electricity production, 
and substantial conventional gas and coal seam gas resources. This globally significant 
resource base is capable of meeting both domestic and increased export demand for coal 
and gas, and uranium exports, over the next 20 years and beyond. There is good potential 
for further growth of the resource base through new discoveries. Identified resources of 
crude oil, condensate and liquefied petroleum gas (LPG) are more limited and Australia is 
increasingly reliant on imports for transport fuels. 
•	 Australia has a rich diversity of renewable energy resources (wind, solar, geothermal, hydro, 
wave, tidal, bioenergy). Except for hydro where the available resource is already mostly 
developed and wind energy where use is growing strongly, these resources are largely 
undeveloped and could contribute significantly more to Australia’s future energy supply.
•	 Greater use of many energy sources with lower greenhouse gas emissions (especially 
renewable energy sources) is currently limited by the immaturity of technologies and 
the cost of electricity production. Advances in technology supported by industry and 
government actions are expected to result in commercial electricity production by 2030 
from sources that are currently only at the demonstration stage. 
•	 Australia’s energy usage in 2030 is expected to differ significantly from that of today 
under the influence of the 20 per cent Renewable Energy Target and other government 
policies such as the proposed emissions reduction target. In addition the Government has 
established the Clean Energy Initiative which includes the Carbon Capture and Storage and 
Solar Flagship Programs, and the Australian Centre for Renewable Energy.
•	 Australia’s long-term energy projections show total energy production nearly doubling due 
to strong export demand, primary energy consumption rising by 35 per cent, and electricity 
demand increasing by nearly 50 per cent by 2030. Whilst coal is expected to continue to 
dominate Australia’s electricity generation, a shift to lower-emissions fuels is expected to 
result in a significant reduction in coal’s share and increases in gas and renewable energy, 
particularly wind.
•	 Australia’s energy infrastructure is concentrated in areas where energy consumption is 
highest and major fossil fuel energy resources are located. Greater use of new energy 
resources, particularly renewable energy sources, will require expansion of Australia’s 
energy infrastructure, including augmentation of the electricity transmission grid. 
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1.2 Introduction 
Australia’s abundance of energy is a key contributor 
to Australia’s economic prosperity. The Australian 
energy sector directly accounts for 5 per cent of 
gross industry value-added; 20 per cent of total 
export value; supports a large range of manufacturing 
industries; and provides significant employment and 
infrastructure. The demand for energy is increasing 
as Australia’s economy and population grow. 
A secure supply of adequate, clean, reliable 
energy at an affordable price is vital for Australia’s 
economic growth and prosperity. To date Australia’s 
energy needs have been largely met by fossil fuels. 
Australia’s abundant and low-cost coal resources 
are used to generate three-quarters of domestic 
electricity and underpin some of the cheapest 
electricity in the world. Australia’s transport system is 
heavily dependent on oil, some of which is imported. 
Australia’s economy, and the energy sector in 
particular, is undergoing transformational change to 
reduce greenhouse gas emissions and help mitigate 
the impacts of global climate change. The energy 
sector currently accounts for more than half of 
Australia’s net carbon dioxide (CO
2
) emissions.  
The move to a lower emissions economy requires 
a shift from the current heavy dependence on 
fossil fuels to a greater use of energy sources and 
technologies that reduce carbon emissions, such as 
renewable energy and carbon capture and storage. 
At present renewable energy sources account for only 
modest proportions of Australia’s primary energy 
consumption (around 5 per cent) and electricity 
generation (7 per cent), although their use has been 
increasing strongly in recent years. Recent and 
proposed developments in Australia’s energy policy 
seek to significantly boost the role that renewable 
energy plays in the next two decades.
The objective of this report by Geoscience 
Australia and the Australian Bureau of Agricultural 
and Resource Economics (ABARE) is to provide 
a comprehensive and integrated assessment of 
Australia’s energy resources to assist industry 
investment decision-making and development of 
government policy on energy resources. Included in 
the outlook to 2030 is an assessment of Australia’s 
identified and potential energy resources; a review of 
the technologies being developed to extract energy 
more efficiently and cleanly from both existing and 
emerging energy sources; and consideration of 
other factors such as the global energy market that 
are likely to influence the development and use of 
Australia’s energy resources in the next 20 years.
The assessment is made against a background of 
significant change and uncertainty about future 
energy demand and use, both in Australia and 
globally. World economies – including Australia and 
its major trading partners – are still recovering from 
the economic downturn associated with the global 
financial crisis in 2008–09. Preliminary International 
Energy Agency (IEA) data suggest that world energy 
demand dipped by up to 2 per cent in 2009, the first 
decline in energy consumption since 1981. 
The rate of growth of future global energy demand is 
uncertain and will strongly depend on global policies 
and actions to reduce CO
2
 levels in the Earth’s 
atmosphere. Without such actions, global energy 
demand is expected to continue to grow robustly 
over the next twenty years, dominated by fossil 
fuels. The adoption of emissions reduction policies 
could be expected to constrain growth in energy 
demand and raise the price of fossil fuels, increasing 
the attractiveness of lower carbon technologies, 
especially renewable energy. 
As the global economy recovers and energy demand 
grows, the response by governments in Australia 
and globally to climate change will largely determine 
future energy demand. This in turn will impact on 
demand for Australia’s energy resources both as 
exports to the world markets and the nature of 
Australia’s domestic energy consumption. 
1.3 Australia in the world 
energy market
•	 Australia	is	richly	endowed	with	natural	energy	
resources and holds an estimated 38 per cent  
of uranium resources, 9 per cent of coal 
resources, and 2 per cent of natural gas 
resources in the world. 
•	 Australia	produces	about	2.4	per	cent	of	world	
energy and is a major supplier of energy to world 
markets, exporting more than three-quarters 




of coal and coal exports accounted for more 
than half of exports on an energy content basis. 
Australia is one of the world’s largest exporters  
of uranium, and is ranked sixth in terms of 
liquefied natural gas (LNG) exports. In contrast, 
Australia has only about 0.3 per cent of world oil 
reserves. Net imports of liquid fuels account for 
nearly half of consumption.
•	 Australia	is	the	world’s	twentieth	largest	
consumer of energy, and fifteenth in terms of  
per capita energy use. 
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•	 Australia’s	energy	market	differs	from	that	
of many other OECD countries and world 
energy markets. Coal plays a much larger 
role in Australia’s primary fuel mix, reflecting 
Australia’s large, low-cost resources located 
near demand centres and close to the eastern 
seaboard. The penetration of gas in Australia is 
similar to that of the OECD and world average, 
as is that of wind and solar. On the other hand, 
Australia has less hydro energy resources, 
makes less use of bioenergy than some 




2007–08. The main energy sources produced,  
on	an	energy	content	basis,	were	coal	(54	per	
cent), uranium (27 per cent) and gas (11 per 
cent). Renewable energy accounts for nearly 2  
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Figure 1.1 Australia’s major energy resources, excluding hydro and bioenergy
Note: Total resources are in many cases significantly larger than the remaining demonstrated resources which do not include inferred and 
potential (yet to be discovered) resources.
Source: Geoscience Australia
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(22 per cent). Renewable energy accounts for 5 
per cent of primary energy consumption, most of 
which is bioenergy. Wind and solar account for 
only 0.3 per cent of primary energy consumption. 
•	 Total	electricity	production	was	around	925	PJ	
(257 TWh) in 2007–08. Coal accounts for about 
three-quarters of Australia’s electricity generation, 
followed	by	gas	(16	per	cent).	Renewable	energy	
sources account for an estimated 7 per cent of 
electricity generation, most of which is hydro.
•	 Australia	has	abundant,	high	quality	fossil	 
fuel resources, notably coal (black and brown)  
and gas (conventional, coal seam gas and 
potentially tight gas) resources which are widely 
distributed across the country (table 1.1; figure 1.1). 
Resources of oil (crude oil, condensate, and LPG) 
are more limited (especially crude oil resources), 
and Australia relies increasingly on imports to meet 
demand for transport fuels. With the exception 
of crude oil, Australia’s fossil fuel resources are 
expected to last for many more decades, even with 
increased levels of production.
•	 Coal	is	Australia’s	largest	energy	resource.	
About 70 per cent of Australia’s large, low-cost 
economic demonstrated resources (EDR) of 
black	coal	(883	400	PJ,	39	Gt)	are	located	in	the	
Sydney and Bowen basins but the total identified 
coal	resource	is	much	larger	(about	2.5	million	PJ,	
114	Gt)	and	more	broadly	distributed	and	includes	
major undeveloped resources in additional areas 
such as the Gunnedah, Arckaringa, Surat and 
Galilee basins in Queensland, South Australia 
and New South Wales. Australia’s EDR of black 
coal are sufficient for about 90 years at 2008 
production levels. Australia is the world’s largest 
exporter of metallurgical coal and the second 
largest exporter of thermal coal, with total coal 
exports	worth	$54.7	billion	in	2008–09.	
•	 Brown	coal	resources	are	similarly	large	and	
concentrated in the Gippsland Basin (Victoria) 
where they are used for electricity generation. 
There are also substantial undeveloped resources 
in the Murray Basin. Australia’s EDR of brown 
coal are sufficient for nearly 500 years at 2008 
production levels.
•	 Australia	has	the	world’s	largest	uranium	
resources with reasonably assured resources 
of uranium recoverable at less than US$80/ kg 
(equivalent	to	EDR)	estimated	to	be	651	280	PJ	
(1163	kt	U),	equivalent	to	about	140	years	at	
2008 production levels. High levels of exploration 
are expected to add to the resource base. 
Australia is one the world’s leading exporters  
of uranium and has a number of proposed new 
mines to meet increasing world demand. Australia 
also has a major share of the world’s thorium 
resources, a potential future nuclear fuel.
•	 Gas	is	Australia’s	third	largest	energy	resource.	
Australia’s has significant conventional gas 
resources lying mostly offshore in the Carnarvon, 
Browse and Bonaparte basins off the north-
west coast of Western Australia with smaller 
resources in south-east (Gippsland Basin) and 
central Australia. These support growing domestic 
demand in the three gas markets as well as  
LNG	exports	(15.4	Mt,	$10.1	billion	in	2008–09)	
from Western Australia and the Northern Territory. 
Current demonstrated (economic and sub-
economic) resources of conventional gas stand 
at	180	400	PJ	(164	tcf).	EDR	are	adequate	for	
63	years	at	current	rates	of	production.	These	
figures do not include the gas resources in recent 
discoveries which are not yet fully defined, the 
resources likely to be added by reserves growth 
nor resources from potential new discoveries. 
Significant additional export capacity is also under 
construction and proposed. 
•	 Australia	also	has	significant	unconventional	
gas resources, especially coal seam gas (CSG) 
resources associated with the major coal 
basins of eastern Australia. CSG resources and 
production have grown strongly and CSG is playing 
an increasingly important role in eastern gas 
markets.	CSG	EDR	are	estimated	to	be	16	590	PJ	
(15 tcf) but total demonstrated resources exceed 
46	590	PJ	with	more	likely	to	be	available	from	
the even larger estimated potential in-ground CSG 
resources. Plans have been announced for CSG-
based LNG projects in Queensland. 
•	 Australia’s	oil	resources	are	in	decline	with	
remaining crude oil resources estimated to be 
8414	PJ	(1431	million	barrels,	mmbbl)	and	
located mostly in the Carnarvon and Gippsland 




with major, largely undeveloped gas fields in the 
Carnarvon, Browse and Bonaparte basins off 
the north-west coast of Australia. Australia’s oil 
resources could be extended by new discoveries 
in deep water basins (both proven and untested) 
and further growth at existing fields. Without 
significant new discoveries of crude oil, or 
development of condensate and LPG resources 
associated with offshore gas resources, or other 
alternatives, Australia is likely to be increasingly 
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because of economic and environmental 
constraints. 
•	 Australia’s	potential	renewable	resource	base	
is also very large, and includes wind, solar, 
bioenergy, geothermal, wave and tide as well as 
hydro resources. Hydro and increasingly wind 
energy are used in electricity generation. Biomass 
and solar energy are both being used for heating 
and electricity generation. However, Australia’s 
renewable energy resources are largely 
undeveloped: a number involve technologies 
still at the proof-of-concept or early stages of 
commercial demonstration.
•	 Australia’s	hydro	electric	power	stations	have	
a combined installed capacity of 7.8 GW and 
produce	about	4.5	per	cent	of	Australia’s	
total electricity, the largest contribution of any 
renewable energy. Most are located in Tasmania 
and in the Snowy Mountain Hydro-Electric Scheme 
in south-east Australia where they account for 
about	60	per	cent	and	20	per	cent	of	electricity	
generation in Tasmania and New South Wales, 
respectively. However, water availability is a  
key constraint on future growth in hydro energy  
in Australia.
•	 Australia’s	wind	resources	are	among	the	best	
in the world, primarily located in western, south-
western, southern and south-eastern coastal 
regions but extending hundreds of kilometres 
inland. These resources are being progressively 
utilised by an increasing number of large-scale 
(more than 100 MW) wind farms using large 
modern wind turbines. Wind energy is the fastest-
growing energy source with an installed capacity 
of about 1.7 GW, which produced about 1.5 per 
cent of Australia’s electricity in 2007–08. 
•	 High	solar	radiation	levels	over	large	areas	
of the continent provide Australia with some 
of the best solar resources in the world. Use 
of solar energy is currently modest (around 
0.1 per cent of Australia’s primary energy 
consumption) consisting mainly of off-grid and 
residential installations using solar thermal water 
heating with lesser production of electricity from 
photovoltaic (PV) cells. Substantial research 
and development programs in both government 
and industry are aimed at developing and 
commercialising large scale solar energy. 
•	 Australia	has	significant	(Hot	Rock)	geothermal	
energy potential associated with buried heat-
producing (from natural radioactive decay) 
granites that could be a source of low 
emissions base load electricity generation.  
Lower temperature geothermal resources are 
associated with naturally-circulating waters in 
aquifers deep in sedimentary basins and are 
potentially suitable for electricity generation 
and/or direct use. Several projects are at the 
exploration, proof-of-concept or early commercial 
demonstration stage. Potential also exists for 
use of ground source heat pumps in heating and 
cooling buildings. 
•	 Ocean	energy	(wave	and	tidal)	is	a	potential	new	
source of energy. Australia has a world-class 
wave energy potential along its south-western 
and southern coast with high energy densities, 
and large areas experiencing constant favourable 
wave heights (exceeding 1 m). Australia also has 
significant tidal energy resources, including an 
average	kinetic	energy	resource	of	around	2.4	
PJ	at	any	time,	located	mostly	along	Australia’s	
northern coastline. A number of technologies are 
being trialled at various sites. 
•	 Bioenergy	is	a	diverse	energy	source	based	on	
biomass (organic matter) that can be used to 
generate heat and electricity and to produce liquid 
transport fuels. Bioenergy currently accounts for 
about	4	per	cent	of	Australia’s	primary	energy	
consumption with the biggest contributors 
being bagasse (sugar cane residue) and wood 
waste in heating and electricity generation with 
some capture of methane gas from landfill and 
sewage facilities. A small amount of transport 
fuel (ethanol and biodiesel) is also produced. 
Greater use of bioenergy could be made through 
increased use of agricultural residues and 
wastes, wood waste, and non-edible biomass, 
including new generation crops. 
•	 Current	impediments	to	immediate	large	scale	
utilisation of Australia’s substantial and diverse 
renewable resources include their generally higher 
costs relative to other energy sources (except for 
hydro), their often remote location from markets and 
infrastructure, and the relative immaturity (except for 
hydro and wind) of many renewable technologies. 
1.5 Outlook for Australia’s 
energy resources and market 
to 2030
•	 Significant	changes	are	anticipated	in	the	
Australian energy market over the next two 
decades as a consequence of the expanded 
Renewable Energy Target (RET) and other 
government policies. Other factors expected to 
affect the market include the rate of economic 
and population growth, energy prices, and 
costs and developments in alternative energy 
technologies. Domestic use of nuclear power is 
not considered in the outlook period.
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 in the next two decades if Australia is to meet 
its changing demand for energy. Utilising new 
energy resources, particularly renewable 
energy sources, will require a more flexible and 
decentralised electricity transmission grid. 
•	 Australia’s	energy	exports	are	projected	to	
continue to grow to 2030 to meet rising global 
demand for energy. Net energy trade is projected 
to increase by 3.9 per cent per year, to reach 
27	340	PJ	in	2029–30.	Exports	of	coal,	uranium	
and LNG are all expected to rise significantly. 
•	 World	primary	energy	demand	is	projected	to	
increase	by	40	per	cent	between	2007	and	
2030, representing an average annual growth 
rate of 1.5 per cent, in the IEA 2009 World 
Energy Outlook reference scenario. More than 
three-quarters of the increase in primary energy 
demand will continue to be for fossil fuels. 
Of the fossil fuels, coal is expected to be the 
fastest growing fuel and is projected to account 
for 29 per cent of world primary energy demand 
in 2030 (slightly higher than its current share), 
followed by gas which is projected to maintain its 
current share of 21 per cent. Renewable energy 
sources	are	projected	to	account	for	14	per	cent	
of primary energy use in 2030.
•	 Under	a	scenario	where	countries	adopt	
emission reduction policies to stabilise the 





in world energy demand to 2030 is projected 
to be significantly constrained, rising by only 20 
per cent on current levels. Lower demand for 
coal would see the share of coal in the primary 
energy mix fall sharply (to 18 per cent in 2030). 
Renewable energy and nuclear power drive much 
of the growth in energy demand, with the share 
of renewables in primary energy use to rise more 
sharply (to 22 per cent). 
•	 The	energy	sector,	especially	fossil	fuels,	
will continue to play an important role in the 
Australian economy both in terms of domestic 
energy supply and increasingly in exports. 
However, it is clear that the transition to a low 
carbon economy will require long term structural 
adjustment in the Australian energy sector. 
•	 While	Australia	has	an	abundance	of	energy	
resources, this transformation will need to be 
underpinned by significant investment in energy 
supply chains to allow for better integration 
of renewable energy sources and emerging 
technologies into our energy systems. 
•	 Technology	is	expected	to	play	a	critical	role	in	
the transition toward a lower emissions economy. 
This includes technology to improve efficiency 
in extraction and use of energy, to reduce costs 
of cleaner technologies, and to develop and 
commercialise new technologies to access new 
energy sources.
•	 Australia’s	energy	demand	will	continue	to	rise	
over the period to 2030, but the rate of growth 
is expected to continue to slow. This reflects 
the long term trend in the Australian economy 
toward less energy intensive sectors, and energy 
efficiency improvements both of which can be 
expected to be reinforced by policy responses 
to climate change. The contribution of gas and 
renewables is expected to increase significantly.
•	 ABARE’s	latest	long-term	Australian	energy	
projections examine the effects of a 5 per cent 
emissions reduction target below 2000 levels 
by 2020, combined with the RET (20 per cent 
of electricity supply by 2020) and other existing 
policy measures, on Australia’s energy market. 
•	 Australia’s	total	energy	production	(including	






fuel mix is expected to change significantly, with 
the share of coal expected to decline to 23 per 
cent by 2029–30. In contrast, the share of gas is 
expected to rise to 33 per cent and wind to 2 per 
cent. Renewable energy is projected to account 




cent per year. Coal is expected to continue to 
dominate Australia’s electricity generation  
(43	per	cent	of	total	in	2029–30)	but	a	shift	to	
lower emissions energy sources is expected to 
result in significant increases in the use of gas 
(37 per cent) and renewables (19 per cent), 
particularly wind (12 per cent). 
•	 Australia’s	energy	infrastructure	is	concentrated	
in areas where energy consumption is highest 
and major fossil fuel energy resources are  
located, particularly along the eastern seaboard 
of Australia. A significant expansion in Australia’s 
energy infrastructure, particularly electricity 
generation and transmission, will be required 
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a Recoverable at <US$ 80/kg. b A conversion into energy content equivalent for thorium was not available at the time of publication.  
c Total identified geothermal energy resources potentially available (including inferred resources), actual amount available depends on 
efficiency of extraction. d	2006–07	production.	e World Energy Council, 2007, Survey of Energy Resources 2007
Note: Economic and total demonstrated resources for fossil fuels, uranium, thorium and geothermal based on McKelvey resource 
classification; not applied to renewable energy sources other than geothermal. Total resources are in many cases significantly larger  
than the remaining demonstrated resources which do not include inferred and potential (yet to be discovered) resources.
Source: Geoscience Australia; ABARE 2009, Australian Energy Statistics
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Chapter 2
Australia’s Energy Resources  
and Market
2.1.1 Australia in the world energy market
•	 Australia	is	the	world’s	twentieth	largest	
consumer of energy, and fifteenth in terms of  
per capita energy use.
•	 Australia’s	large	resource	endowment	and	
comparative advantages enable it to play an 
important role in supplying the rest of the world 






world uranium resources, 9 per cent of world  
coal resources, and 2 per cent of world natural 
gas resources.
•	 Australia	also	has	substantial	renewable	energy	
resources including solar, wind, wave, geothermal 
and bioenergy resources. 
•	 Australia’s	energy	fuel	mix	is	dominated	by	
coal, reflecting our large, low-cost resources. 
Our energy market therefore differs from those 
of many other Organisation for Economic Co-
operation and Development (OECD) countries 
and the world energy market where coal is less 
significant and hydro and nuclear energy are 
significant	contributors	to	the	fuel	mix.	
•	 The	penetration	of	gas	in	Australia	is	similar	to	
that of the OECD and world average, as is that  
of wind and solar.
•	 In	its	2009	World Energy Outlook reference 
scenario,	the	International	Energy	Agency	(IEA)	




growth rate of 1.5 per cent. 
•	 China	and	India	are	expected	to	account	for	more	
than half of the increase in world primary energy 
demand during this period, driven by continuing 
strong economic growth.
•	 More	than	three-quarters	of	the	increase	in	
primary energy demand in the reference scenario 
is projected to be for fossil fuels. Of the fossil 
fuels,	coal	is	expected	to	be	the	fastest	growing	
2.1 Summary 
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limited crude oil resources and is increasingly reliant on imports for its transport fuels.
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•	 However,	Australia	has	only	limited	domestic	
supplies of crude oil, and relies increasingly on 
imports to meet demand.
•	 As	of	December	2008,	Australia’s	economic	
















best solar resources in the world and significant 
(Hot	Rock)	geothermal	energy	potential,	
associated with buried radiogenic granites.
•	 Australia’s	wind	resources	are	also	among	the	
best in the world, primarily located in western, 
south-western, southern and south-eastern 
coastal	regions	but	extending	hundreds	of	
kilometres inland. Australia also has a world-class 
wave energy potential along its south-western and 
southern coast. 
•	 There	is	also	is	significant	potential	to	increase	
the importance of bioenergy in Australia through 
greater use of biomass and greater production of 
biofuels for use in transport. 
•	 While	hydro	energy	currently	accounts	for	the	
major	share	of	Australia’s	renewable	electricity	
generation, water availability limits any significant 
expansion.
fuel, followed by gas. Coal is projected to account 




rise rapidly, though from a much smaller base. 
Renewables are projected to account for 14 per 
cent	of	world	primary	energy	demand	in	2030.	
Wind	will	drive	much	of	the	growth	in	renewable	
energy, although demand for hydro, bioenergy and 
solar energy will also increase significantly.
•	 The	IEA	also	presents	projections	for	world	energy	
demand if economies adopt emissions reduction 











is projected to rise to 22 per cent in that year. 
This	reflects	the	increased	competitiveness	of	
renewable technologies relative to coal with the 









include coal (black and brown), gas (conventional, 
coal seam gas (CSG) and potentially tight gas) 
and	oil	(crude	oil,	liquefied	petroleum	gas	(LPG),	
condensate and shale oil).
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and installed renewable electricity generation capacity
source: Geoscience	Australia	2009a,	b,	c
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cent),	uranium	(27	per	cent)	and	gas	(11	per	
cent). Renewable energy accounts for nearly  




and gas (22 per cent) (figure 2.2a). Renewable 





















reflecting new policy initiatives, including the 
expanded	Renewable	Energy	Target	(RET)	and	 
a proposed emissions reduction target.
•	 Other	factors	expected	to	affect	the	market	
include the rate of economic and population 
•	 There	are	currently	some	impediments	to	
large-scale	utilisation	of	Australia’s	renewable	
resources, including the generally higher costs 
relative to other energy sources, their often 
remote location from markets and infrastructure, 
and	the	relative	immaturity	(except	for	hydro	and	
wind) of many renewable technologies. 
•	 Most	of	Australia’s	installed	renewable	electricity	
generation capacity is hydro and wind energy 
(figure	2.1b).	The	next	largest	are	bioenergy	
(biomass and biogas) and solar. Australia has 
significant geothermal and wave energy resources 
but these industries are currently at pilot and 
demonstration stage and not yet commercial.
•	 Energy	infrastructure	is	concentrated	in	areas	
where energy consumption is highest and major 
energy resources are located, particularly along 




two decades if Australia is to meet its demand 






5 per cent of industry gross value added, and 
20	per	cent	of	total	export	value.	It	also	provides	
significant employment and infrastructure, and 
supports a range of manufacturing industries.
•	 Australia’s	energy	production	was	17	360	PJ	in	
2007–08.	The	main	energy	sources	produced, 
on an energy content basis, are coal (54 per 
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 fuels are projected to increase at an average  
rate	of	3.3	per	cent	per	year,	reflecting	declining	
oil production.
2.2 Australia in the world  
energy market 
Australia has a large and diverse energy resource 
endowment with comparative advantages that enable 






other OECD and world energy markets. Coal plays a 
much	larger	role	in	Australia’s	fuel	mix,	reflecting	our	
large, low cost reserves. Nuclear and hydro power 
are	significant	contributors	to	the	energy	mix	in	a	
number	of	OECD	countries.	The	penetration	of	gas	in	
the Australian energy market is similar to that of the 
OECD and world average, which is also the case for 
wind and solar.
This	section	provides	a	brief	overview	of	the	world	
energy market and the role of Australia, as well as 
some comparisons between the Australian, OECD 
and	world	markets.	It	also	summarises	the	latest	
outlook for the world energy market released by 
the	IEA	in	November	2009.	This	outlook	contains	
two scenarios: (1) a reference scenario, which is a 
business as usual scenario that predicts how global 
energy markets would evolve if governments made no 
changes	to	their	existing	policies	and	measures;	and	
(2) a 450 scenario which presents likely world energy 
markets predicated on countries taking collective 
policy action to limit the long-term concentration of 
greenhouse	gases	in	the	atmosphere	to	450	parts	
per million of CO
2
-equivalent	(IEA	2009b).	
 growth, energy prices, and costs and 
developments in alternative energy technologies.
•	 Technology	is	expected	to	play	a	critical	role	in	
the	transition	to	a	low	emissions	economy.	This	
includes the development and commercialisation 
of new technology to improve efficiency in the 
extraction	and	use	of	energy,	facilitate	the	use	
of new fuel sources and reduce the emissions 





improvements, but more importantly because of 












gas, uranium and renewables in total energy 
production	is	projected	to	increase.	The	share	of	
coal is projected to fall, although coal production 
is still projected to increase as a result of strong 
export	demand.	
•	 Australia’s	primary	energy	consumption	is	














trend away from higher-emission energy sources 
towards	gas	(37	per	cent)	and	renewables	(19	per	
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has been relatively stable over the past decade. 
Nuclear	accounts	for	6	per	cent	of	the	primary	
energy	mix.	Renewables	account	for	around	13	per	
cent of world energy consumption, most of which 
is bioenergy with much smaller contributions from 




the world average, while the penetration of gas is 
similar to that of the OECD and world average, as is 
2.2.1 Current world market snapshot
Resources and production
World	energy	resources	are	widely	dispersed.	
Some countries are well endowed with a single or 
multiple energy resources, while others have limited 
indigenous energy resources and rely on imports to 
meet	requirements.	
Large proved coal reserves are located in the 
United States, the Russian Federation, China and 
Australia. Significant proved crude oil reserves are 
located	in	Saudi	Arabia,	Iran,	Iraq,	Kuwait	and	the	
United	Arab	Emirates	while	most	of	the	world’s	
proved conventional gas reserves are in the Russian 
Federation,	Iran	and	Qatar.	Australia	has	the	world’s	
largest Reasonably Assured Resources (RAR) of 
uranium,	followed	by	Kazakhstan	and	Canada.	
Most	countries	have	some	potential	for	renewable	
energy resources, although these resources in 
some	regions	and	countries	are	of	higher	quality	
and more readily accessible than in others. Asia, 
Africa and the Americas have the highest potential 
for hydroelectricity. Geothermal potential is generally 
greatest in countries located near chains of active 
volcanoes, however, technological improvements 
have made it possible for most countries to use 
shallow low temperature geothermal resources.  
Solar potential is greatest in the Red Sea area, 
including Egypt and Saudi Arabia, while Australia  
and the United States also have above average 
potential. Locations with the highest wind energy 
potential include the coastal regions of western and 
southern Australia, New Zealand, southern South 
America, South Africa, northern and western Europe, 
and the north eastern and western coasts of Canada 
and the United States. Some of the coastlines with 
the greatest wave energy potential are the western 




China, the United States, the Russian Federation 
and	Saudi	Arabia.	Australia	is	the	world’s	ninth	
largest energy producer, accounting for 2.4 per cent 
of	world	energy	production	(IEA	2009a).	Australia	is	
the	world’s	third	largest	producer	of	uranium,	fourth	
largest producer of coal, and ranked nineteenth in  








of energy, and fifteenth in terms of per person energy 
use	(IEA	2009a).	
Australia OECD World
a) Fuel mix in energy consumption, 2008




























































































In	its	2009	World Energy Outlook reference 
scenario, that predicts how global energy markets 
would evolve if governments made no changes 
to	their	existing	policies	and	measures,	world	








than half of the increase in world primary energy 
demand during this period, driven by continuing 
strong economic growth. Energy demand in the 
Middle	East	is	also	projected	to	grow	strongly	 













annual average rate of 1.5 per cent during the 
outlook period, with its share of world energy use  
to	remain	at	21	per	cent	in	2030.	More	than	80	per	
cent of the increase in demand is projected to be 
from	non-OECD	countries,	particularly	the	Middle	
East.	The	Middle	East	and	Africa	are	expected	to	
account for the largest increases in natural gas 
production	over	the	period	to	2030.	The	share	







gas production, together with slower demand growth 
in the medium term, will contribute to a glut of gas 
supplies	in	the	next	few	years.	This	has	implications	
for prices, as well as energy trade. For instance,  











Coal and gas are also the largest sources of global 
electricity generation with 42 per cent and 21 per 
cent	in	2007,	respectively	(figure	2.4b).	Nuclear	
power comprises 14 per cent of world and 21 per 
cent of OECD electricity production. Renewables 
contribute	around	18	per	cent	of	electricity	
generation, most of which is hydro energy.
Australia relies more heavily on coal for electricity 
generation than the world and OECD averages, where 
the balance of base load power generation is largely 
made	up	by	nuclear	and	hydro	energy.	The	use	of	
gas-fired electricity in Australia is slightly lower than 
the	world	and	OECD	average.	However,	the	share	of	




distances from major energy consumers, there has 






Australia, with its rich resource endowment, plays 
an important role in supplying regional and global 
energy demand, particularly for coal and uranium, 
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Asian countries. Nuclear power capacity in Europe, 




grow faster than any other energy source between 
2007	and	2030,	but	from	a	smaller	base.	Excluding	
bioenergy and hydro, renewable energy sources 
such as wind, solar, geothermal and wave and tidal 



























with most of the remaining growth occurring in other 
Table 2.1 Outlook	for	world	primary	energy	demand,	IEA	reference	scenario
2007 2030 2007 2030 Average annual 
growth  
2007–2030
PJ PJ % % %
Coal 133	308 204	609 26.5 29.1 1.9
Oil 171	366 209	717 34.1 29.8 0.9
Gas 105	172 149	092 20.9 21.2 1.5
Nuclear 29	684 40	026 5.9 5.7 1.3
Hydro 11	095 16	831 2.2 2.4 1.8
Bioenergy 49	237 67	156 9.8 9.6 1.4
Other renewables 3098 15 491 0.6 2.2 7.3
Total 502	960 702	922 100.0 100.0 1.5
source: IEA	2009b
AERA 2.6
a) 2007 (502 960 PJ)
































a) 2007 (502 960 PJ)






































demand if economies adopt emissions reduction 


























2007 2030 2007 2030 Average annual 
growth  
2007–2030
TWh TWh % % %
Coal 8216 15 259 41.6 44.5 2.7
Oil 1117 665 5.7 1.9 -2.2
Gas 4126 7058 20.9 20.6 2.4
Nuclear 2719 3667 13.8 10.7 1.3
Hydro 3078 4680 15.6 13.6 1.8
Bioenergy 259 839 1.3 2.4 5.2
Wind 173 1535 0.9 4.5 9.9
Geothermal 62 173 0.3 0.5 4.6
Solar 5 402 0.0 1.2 21.2
Tide	and	wave 1 13 0.0 0.0 14.6
Total 19 756 34 292 100.0 100.0 2.4
source: IEA	2009b
a) 2007 (19 756 TWh)




































a) 2007 (19 756 TWh)
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As with primary energy, the share of gas in 
2030	is	projected	to	be	similar	to	current	




reflecting favourable government policies and an 













technologies such as renewables, as well as overall 
energy efficiencies, more than offset the effect on 
demand of the enhanced competitiveness of gas 
relative	to	coal	and	oil.	The	share	of	renewables	is	
projected	to	rise	sharply	to	22	per	cent	by	2030.
a) 2007 (502 960 PJ)






















a) 2007 (502 960 PJ)






















a) 2007 (19 756 TWh)




































a) 2007 (19 756 TWh)
























































at current rates of production. Resources of black 
coal are distributed in most states, with the largest 




resources, widely distributed across the country.  
With	the	exception	of	oil,	these	resources	are	
expected	to	last	for	many	more	decades,	even	as	
production increases. Australia has a significant 
proportion	of	the	world’s	uranium	and	coal	
resources and large resources of conventional and 
unconventional gas. Australia also has access to a 
range	of	high	quality,	abundant	renewable	energy	




on specific resources is contained in the individual 
resource chapters.
Table 2.3 Australian	non-renewable	energy	resources,	December	2008





Resource life at 
current production 
rates (years)
Black coal PJ 883	400 1	046	500
TWh 245	400	 290	695
Mt 39	200 47	500 90
Uraniumb PJ 651	280 660	240  
TWh 180	900	 183	401
kt 1163 1179 140
Brown coal PJ 362	000 896	300  
TWh 100	560	 248	974
Mt 37	200 92	300 490
Conventional gas PJ 122	100 180	400  
TWh 33	920	 5111
tcf 111 164 63
Coal seam gas PJ 16	590 46	590  
TWh 4490	 12	970
tcf 15 42 100
Condensate PJ 12	560 16	170  
TWh 3490	 4492
mmbbl 2136 2750 31
Crude oil PJ 6950 8414
TWh 1930	 2337
mmbbl 1182 1431 10
LPG PJ 4614 6210  
TWh 1280	 1725
mmbbl 1096 1475 20
Shale oil PJ - 84	600  
TWh - 23	500
mmbbl - 14	387 -
Thoriumb PJc - -
kt - 76 -
a Includes	economic	and	sub-economic	demonstrated	resources.	b	Recoverable	at	<US$	80/kg.	c	A	conversion	into	energy	content	equivalent	
for thorium was not available at the time of publication
source: Geoscience Australia
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December	2008.	This	is	equal	to	around	60	years	
at	current	rates	of	production.	The	EDR	estimate	
does not include some significant recent discoveries 
that are yet to be proven economic and hence total 
identified	gas	resources	are	significantly	larger.	These	
are	expected	to	grow	with	further	exploration,	even	
as production increases. CSG EDR are estimated 
to	be	16	590	PJ	(15	tcf),	with	substantial	inferred	
resources	of	122	020	PJ	(111	tcf).	CSG	exploration	
in Australia is relatively immature, and high levels of 
current	exploration	are	likely	to	add	significantly	to	
known	resources.	There	are	also	tight	gas	resources	
held in low permeability sandstone reservoirs in 








of brown coal, although these are much lower in 
energy content terms. Brown coal EDR are estimated 
to	be	362	000	PJ	(37.2	Gt),	and	are	located	mostly	
in Victoria. At current rates of production, there are 
nearly	500	years	of	brown	coal	resources	remaining.	
In	addition	to	the	large	EDR	of	coal	Australia	has	even	
larger coal resources in the sub-economic and inferred 
categories.	The	true	size	of	Australia’s	coal	resources	
could be even larger as potential coal resources have 
not	yet	been	fully	assessed	because	the	existing	
identified resource base is so large. 
Australia	also	has	significant	resources	of	gas.	These	
include the substantial conventional gas resources 
located	mostly	off	the	northwest	coast	of	Western	
Australia and the CSG resources of eastern Australia 
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larger than the remaining demonstrated resources which do not include inferred and potential (yet to be discovered) resources.
source: Geoscience Australia
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Australia. Australia also has a major share of the 
world’s	thorium	resources.	While	not	currently	in	use	
as an energy resource, thorium could play a role in the 
long term as an alternative to uranium as a nuclear 
fuel.	Given	there	is	no	active	exploration	for	thorium,	
resource estimates are uncertain.
Renewables
Australia’s	potential	renewable	resource	base	is	
also very large and widely distributed across the 
country	(figure	2.11).	However,	there	are	significant	
constraints	on	large-scale	utilisation	of	Australia’s	
renewable resources in the immediate future. At 
present, these generally have higher transformation 
costs	relative	to	other	energy	sources	(except	for	
hydro), many are often long distances from markets 
and infrastructure, and the technologies to utilise 
these	resources	are	commonly	immature.	To	date,	







world standards and are being depleted at a faster 
rate than they are being replenished by discovery.  
As	a	result,	Australia’s	domestic	production	of	oil	 








access to these depends on the development of  































source: Geoscience Australia for the Office of the Renewable Energy Regulator
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are also a number of small direct use applications of 






hydroelectric power stations with total installed 
capacity	of	7806	MW.	These	coincide	with	the	areas	
of highest rainfall and elevation and are mostly in 
New	South	Wales	and	Tasmania.	However,	a	dry	
climate coupled with a low run off over much of 
Australia	limits	substantial	expansion	of	hydro	power.	
Australia has some of the best wind resources in the 
world, primarily located in western, south-western, 
southern and south-eastern coastal regions but 
extending	hundreds	of	kilometres	inland	and	including	











solar resources are largely located in the northwest 
and centre of Australia, commonly in areas that 
do not have access to the electricity grid, and are 
distant from the major population centres and key 
energy	markets.	However,	some	of	these	high	quality	
resources are close to new and emerging demand 
centres	such	as	the	Pilbara	region.	There	are	also	
significant	and	adequate	solar	energy	resources	in	
areas with access to the electricity grid and close 
to	the	major	demand	centres.	To	date	relatively	high	




in research and development (R&D) is aimed at 
increasing the efficiency and cost-effectiveness 
of solar power, including the development of solar 
thermal power stations.
There	are	also	opportunities	for	ocean	energy	
including mechanical energy from the tides and 
waves,	and	thermal	energy	from	the	sun’s	heat	
(ocean	thermal)	(chapter	11).	The	best	tidal	energy	
resources are located along the northern margin, 
especially	the	northwest	coast	of	Western	Australia,	
and largely removed from the major demand centres. 
Australia also has a world-class wave energy resource 
along its western and southern coastline, especially 
in	Tasmania.	Most	ocean	energy	technologies	are	
relatively new and still need to be proven in pilot and 




generation over the coming decades. Government 
support for renewables is discussed further in 
section 2.4.1.
Renewable energy resources are usually transient 
and not always available, and hence not readily 
classifiable and comparable to non-renewable 
resources. Renewable resources are often reported 
in	terms	of	installed	capacity.	Installed	capacity	for	
renewables in Australia is provided in table 2.4. 
Estimates of potential renewable resources can 
also be made based on maps that show the energy 
potentially or theoretically available at a site and 
detailed studies of the annual and diurnal variation 
in	the	energy	to	determine	the	capacity	factor.	This	is	
the average actual energy output compared with the 
theoretical	maximum	possible	output	if	the	energy	





geothermal resources that could be used to produce 
super-heated water or steam suitable for base load 
electricity generation by artificially circulating fluid 
through	the	rock.	There	are	also	lower	temperature	
geothermal	resources	present	in	deep	aquifers	in	a	
number of sedimentary basins that are potentially 
suitable for electricity generation or direct use. 
Identified	geothermal	resources	as	of	July	2009	
are	estimated	at	around	2.6	million	PJ.	The	
potential offered by geothermal energy for electricity 
generation	is	only	now	being	examined	in	Australia.	
Electricity generation from geothermal energy in 
Australia is currently limited to one pilot power plant 
in	south	west	Queensland	producing	80	kW.	There	














a Other biomass and biodiesel
source: Geoscience	Australia	2009
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and biological resources. 
Under the Australian Constitution mineral and 
petroleum resources are owned either by the 
Australian	or	State/Territory	governments.	Exploration	
and development of these resources is undertaken 
by companies operating under licences and permits 
granted	by	government.	Australian	and	State/Territory	
governments actively encourage investment in 
Australia’s	energy	resources.	Resources	onshore	and	
out to three nautical miles from the baseline of the 

















generation units based on either tidal or wave energy 
have been developed as pilot or demonstration plants 
in	recent	years	(totalling	around	1	MW	of	generating	
capacity).
Bioenergy is another significant potential energy 
resource in Australia (chapter 12). Biomass (organic 
matter) can be used to generate electricity generation 
and	heat,	as	well	as	for	the	production	of	liquid	fuels	
for	transport.	Currently	Australia’s	use	of	bioenergy	
for electricity generation is limited to bagasse (sugar 
cane residue), wood waste, and gas from landfill and 
sewage facilities. Biofuels for transport represent 
a	small	proportion	of	Australia’s	bioenergy:	ethanol	
is produced from sugar by-products, waste starch 
from grain, and biodiesel is produced from used 
cooking oils, tallow from abattoirs and oilseeds. 
Commercialisation of second generation bioenergy 
technologies is likely to increase the range of 
resources, such as the non-edible (woody) parts 
of plants and potentially algae, available for both 
biofuels and electricity generation. 
2.3.2	Distribution,	ownership	and	
administration of energy resources 
Australia’s	energy	resources	are	widely	but	not	evenly	
distributed	across	Australia’s	states	and	territories.	
Certain regions within the States and the Northern 
Territory	are	highly	endowed	in	particular	energy	
(and	other	mineral)	resources.	Many	of	Australia’s	























Outer Limit of the Exclusive Economic Zone of Australia - as
defined by UNCLOS and certain treaties (not all in force)
Outer Limit of the Continental Shelf of Australia - as defined
by UNCLOS and certain treaties (not all in force)
Three Nautical Mile Limit
0 750 km
Figure 2.12 Australia’s	jurisdiction	boundaries	including	the	extent	of	Australia’s	marine	jurisdiction	and	major	
offshore energy provinces 
Note: CB	–	Carnarvon	Basin,	BrB	–	Browse	Basin,	BoB	–	Bonaparte	Basin,	GB	–	Gippsland	Basin
source: Geoscience Australia
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access	to	new	energy	resources,	will	require	
investment in energy infrastructure, particularly 
electricity generation and transmission. Additional 
investment	will	be	required	not	only	to	replace	aging	
energy assets but also to allow for the integration of 
renewable	energy	into	existing	energy	supply	chains.
Electricity
Australia has five electricity systems and numerous 
stand	alone,	remote	electricity	systems.	The	largest	
of	these	systems	is	the	National	Energy	Market	(NEM)	
































and electricity consumers is facilitated through a pool 
where the output from all generators is aggregated 
and scheduled to meet demand through the use 
of	information	technology	systems.	These	systems	
balance supply with demand, maintain reserve 
requirements,	select	which	components	of	the	power	
system operate at any one time, determine the spot 
price and facilitate the financial settlement of the 
market	(AEMO	2009).	
The	grid	connects	and	is	relatively	centralised	around	
power stations at the fuel sources, especially the major 
coal resources and gas supply infrastructure, and the 
main electricity demand centres. As other resources 
are being utilised for power generation, including wind 
and	coal	seam	gas,	new	nodes	have	been	added.	The	
The	jurisdictions	all	allocate	and	manage	mineral	and	
petroleum property rights, have primary responsibility 
for land administration, regulate operations including 
environmental and occupational health and safety, 
and collect royalties on the resources produced. 
However,	the	minimum	area,	initial	term	of	the	
permits, and charges and royalties levied vary 
between	States	and	Territories.	More	information	is	
provided in the Mineral and Petroleum Exploration 






and administered by designated departments and 
agencies charged with those functions. 
Australia’s	large	marine	jurisdiction	has	recently	been	
increased by more than 2.5 million km2 of seabed  
by the United Nations Commission on the Limits of 
the	Continental	Shelf.	The	Commission	confirmed	 
the	location	of	Australia’s	continental	shelf	outer	
limit in nine distinct marine regions, which entitles 
Australia	to	large	areas	of	shelf	beyond	200	nautical	
miles,	including	exclusive	rights	to	what	exists	on	 
and beneath the seabed, including oil, gas and 
biological resources. 
Responsibility for the petroleum operations in 
Australian offshore areas beyond the first three 




Offshore Petroleum and Greenhouse Gas Storage Act 
2006.	An	explanation	of	Australia’s	maritime	zones	




through a work program bidding process. Retention 
leases and production, infrastructure and pipeline 
licences are granted for the recovery and transport of 




to meet both domestic demand for energy and 
international demand for energy commodities 
(export	markets).	Infrastructure	is	concentrated	
in areas where energy consumption is highest 
and	major	energy	resources	are	located.	This	
tends to be in coastal regions where population is 
highest, particularly along the eastern seaboard. 
Australia’s	energy	production	facilities	and	transport	
infrastructure (including mines, power stations, rail, 
ports and pipelines) can be affected by climatic 
events such as intense precipitation, storms, 
bushfires, heat waves and floods. Any future 
expansion	of	Australia’s	energy	market,	including	
24
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new areas not previously connected. A report by the 
Australian	Energy	Market	Commission	(AEMC	2009)	




market framework to better allow for greater access 




renewable generation, such as wind, would lead 
to a greater demand for gas supply and pipeline 
infrastructure, and lead to a greater convergence  








ports from which uranium is shipped (figure 2.14). 
Australian Energy Regulator (AER) reports substantial 
new capital investment in the electricity network over 
the	next	five	years	with	almost	$33	billion	of	investment	
either	approved	or	proposed	(AER	2009).	
As part of a plan to improve network efficiency the 
Council of Australian Governments (COAG) has 
committed to and commenced the roll-out of smart 
meters to enable better manage demand on the 
network.	The	Australian	Government	has	committed	
$100	million	to	trial	smart	grid	technologies	that	
enable better control of (peak) load, and integration 
of embedded generation capacity, and provide better 
detection and avoidance of faults and disruptions 
on	the	network.	Implementation	of	smart	grid	
technologies could facilitate greater use of distributed 
energy generation with potential for increased energy 
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coal seam gas) from where it is collected (gas and 
coal	basins)	or	processed	(gas	or	liquid	processing	
facilities)	to	where	it	is	consumed	or	exported.	Major	
pipelines connect the conventional gas resources  
of the Cooper Basin and offshore Gippsland and 
Otway basins to the major population and industrial 





Australia are distributed to supply the mining and 
urban	centres	of	Western	Australia	via	the	Dampier	
to Bunbury and Esperance pipelines. Another pipeline 
system connects gas resources in Amadeus and 











ability to respond to growing global demand over 
the	past	few	years.	However,	recent	additions	to	
capacity,	together	with	more	expansions	planned	over	













to Adelaide and Darwin, the only ports open for 
uranium	exports.
gas pipelines
Gas pipelines in Australia are focused around 
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to shift in terms of structure away from agriculture 
and	industry	toward	the	services	sector.	The	services	












Government policies can affect both the pace of 
energy demand growth, and the type of energy used. 
Policies	designed	to	enhance	energy	efficiency,	for	
instance, would slow the pace of energy demand 
growth.	Policies	designed	to	enhance	energy	security	
may encourage diversity in the types of fuels used 
in an economy, or where the energy is sourced 
from.	Policies	to	address	environmental	issues	such	












scheme, increasing the legislated national target 
from	9500	GWh	to	45	850	GWh	in	2020,	in	addition	
to what would have been generated without the 
policy.	After	2020,	the	target	will	be	maintained	at	
45	000	GWh	until	2030,	by	which	time	it	is	expected	




uptake of renewable energy for on-grid power 
generation and to contribute to the development 
of internationally competitive renewable energy 
industries.	It	is	also	designed	to	bring	existing	
state-based renewable energy targets into a single, 
national scheme.
(ABARE	2009c).	Demand	for	further	gas	pipeline	
infrastructure is likely to increase as gas-fired 
peaking plants play an increasingly significant role in 
standby	electricity	generation	in	support	of	expanded	




resource base. Coal plays a dominant role in production, 
consumption and trade, while the contribution from 














support a large range of manufacturing industries. 
The	energy	sector	also	provides	employment	and	
significant infrastructure development in remote  
and regional areas. 
This	section	examines	the	key	factors	that	affect	
energy markets in Australia, such as economic 
and population growth, energy prices, government 
policy and technological development, as well as an 
overview of current Australian energy production, 
consumption	and	trade.	It	also	contains	ABARE’s	
latest long term projections for the Australian energy 
market	to	2029–30.
2.4.1 Energy market drivers
Demand for energy is driven by a range of factors, 
including the growth and structure of the economy, 
its stage of development, population and government 
policies.	The	choice	of	energy	is	based	on	prices,	
resource endowment, location and availability, 
available technologies, as well as government 
policies. Some of these key drivers are discussed  
in more detail below.
Economic growth and structure
Energy is an essential input into economic activity, 






effect of the global financial crisis on domestic 
demand	and	exports.	As	financial	markets	stabilise	
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from the stationary energy sector.
Energy prices
Energy prices affect the demand for, and supply of, 
energy.	Australia’s	energy	prices	are	affected	by	
domestic and world supply and demand for energy 
commodities, as well as factors that influence supply 
and	demand	directly	and	indirectly.	For	example,	
climatic events may increase the demand for heating 
and result in increased world oil prices. Geopolitical 
factors	that	could	be	expected	to	reduce	world	
supply	of	oil,	such	as	tensions	in	the	Middle	East,	
generally result in increases in the world oil price. 
Conversely, events such as the global financial crisis, 
which reduce the demand for oil as economic activity 
declines, result in oil prices falling (figure 2.15).
The	proposed	Carbon	Pollution	Reduction	Scheme	
(CPRS)	aims	to	reduce	emissions	of	greenhouse	
gases by placing a limit on aggregate annual 
emissions from all the covered types and sources of 
emissions and allowing carbon pollution permits to 







development and demonstration (RD&D) of low-emission 
energy technologies, including industrial scale Carbon 
Capture	and	Storage	(CCS)	and	solar	energy	(RET	2009).	







given for the construction and demonstration of 















the establishment of a medium term target range 
for emissions reduction and the final design of the 
emissions	reduction	target.	The	White	Paper	allowed	
for two different scenarios:
•	 a 5 per cent emissions reduction target: which 
requires	a	5	per	cent	reduction	in	emissions	
below	2000	levels	by	2020;	and
•	 a 15 per cent emissions reduction target: which 
requires	a	15	per	cent	reduction	in	emissions	
below	2000	levels	by	2020.





emissions reduction target, a slower start to 
global greenhouse gas emissions reductions and 
stabilisation	of	emissions	in	the	atmosphere	at	550	





New measures for the emissions reduction target, 
including	an	expanded	target,	were	announced	on	
4	May	2009	(Australian	Government	2009a).	In	
particular, Australia committed to a larger reduction 
in	emissions	of	25	per	cent	below	2000	levels	
by	2020	subject	to	an	ambitious	international	
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supplies	(figure	2.16).	The	rise	in	prices	reflected	
strong growth in demand for energy, particularly in 
China, with suppliers struggling to bring additional 
production	on-line	to	meet	requirements.	Energy	
prices	fell	sharply	in	mid-2008	as	a	result	of	the	
global economic downturn (figure 2.15). 
After significant declines in energy commodity prices  
in	2008–09	as	a	result	of	the	global	economic	
downturn, world prices for these commodities have 
started to recover in line with the improved outlook for 
a recovery in world economic growth. Over the medium 
term,	it	is	expected	that	a	strengthening	in	global	
Australia has some of the lowest prices in the OECD 
for	electricity,	coal	and	gas.	The	abundance	of	
Australia’s	coal	and	gas	reserves	and	the	proximity	 
of those reserves to areas of high energy demand 
along the east and west coasts of Australia results 
in low electricity and gas prices for consumers. 
Australia is reliant on world oil prices because our 
domestic reserves and production are relatively small 
compared with demand. 
Real energy prices generally rose for most of 
the	2000s	to	mid-2008	following	a	period	of	low	






























































































































































































Coal (Australia-Japan thermal coal)
Uranium (Ux Consulting)
Oil (WTI)
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price	below	US$70	a	barrel	(ABARE	2010a).	While	
a	rise	in	the	marginal	cost	of	production	is	expected	
over time, technological developments associated with 
non-conventional	liquids,	such	as	coal-to-liquids,	gas-
to-liquids,	shale	oil	and	second-generation	biofuels,	
have the potential to play a major role in maintaining 
oil prices at a level that is below what would otherwise 
be	the	case	without	these	backstop	technologies.	The	
assumed development and entry of these technologies 
underpins the long term price assumptions used in 
this	report.	However,	there	are	clearly	uncertainties	
surrounding this price profile, particularly in terms 
of the costs of alternative technologies and how 
these	may	evolve	over	time	as	a	consequence	of	
technological developments. Further, the costs of 
some of these technologies could also be affected  
by carbon pricing. 
Over the long term, LNG prices are assumed to 
follow a similar trajectory to oil prices, reflecting 
an assumed continuation of the established 
relationship between oil prices and long-term 
LNG	supply	contracts	through	indexation,	and	








Emissions intensity – reshaping Australia’s 
electricity generation






gases are significantly higher from coal-fired power 
stations using currently deployed technology than other 
forms of energy, especially renewable energy (figure 
2.18).	Gas-fired	plants	tend	to	have	lower	emissions	
than coal, whereas emissions from renewables 
(excluding	bioenergy)	are	generally	near	zero.	
The	introduction	of	a	price	on	carbon	emissions	will	
raise the price of all fossil fuels to users such as 
power generators and industry, thereby lowering the 
relative price of energy from low-carbon fuels and 
technologies.	The	impact	will	be	greatest	on	coal	
and least on gas, reflecting their different carbon 
intensities. Carbon pricing favours gas over coal,  
and	renewables	over	gas.	This	means	that	in	the	
longer term, a carbon price favours investment in gas-
fired capacity over coal-fired capacity, and investment 
in	renewables	over	gas	(IEA	2009b).	However,	CCS	
has the potential to dramatically lower greenhouse 
emissions	from	coal-	and	gas-fired	plants.	Figure	2.18	
shows	the	substantial	reduction	in	carbon	dioxide	
demand, underpinned by the assumed economic 
recovery, will once again place upward pressure on 
energy	prices,	with	significant	volatility	expected	to	
remain. A more detailed assessment of the medium 
term outlook for energy commodities is provided in 
Australian Commodities	(ABARE	2010b).
In	the	longer	term,	energy	price	trends	will	hinge	on	
a number of factors including not only global demand 
but also constraints on supply, notably the level of 
investment in additional production capacity, costs of 
production, and technology. 
Over the past few years, international thermal coal 
prices have generally followed a similar trajectory 
to oil and gas prices, as a reflection of inter-fuel 
substitution	possibilities.	In	the	medium	term,	





Australia. Beyond the medium term, global thermal 
coal	prices	are	expected	to	increase	slowly	in	real	
terms reflecting the higher costs associated with 
developing new mines, including those further inland, 
being largely offset by the adoption of more advanced 
technology	(figure	2.17).	
In	the	medium	term,	oil	prices	are	assumed	to	recover	





cost of developing remaining oil reserves, the level 
and timing of investment in production and refining 
capacity, and technological development in relation 
to	alternative	liquid	fuels.	The	estimated	capital	and	
production costs for conventional oil sources have 
increased in recent years due to rising materials, 
equipment	and	labour	costs.	As	a	result,	new	oil	
















































Figure 2.17 Outlook for world energy prices
source: ABARE	2010a
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both government and industry to accelerate the 
development and deployment of new technologies, 
including solar and CCS technologies. CCS is 
discussed in more detail in Chapter 5.
emissions	expected	in	single	cycle	pulverised	coal	
(black and brown) plants and combined cycle  
gas turbines which employ CCS technologies 


































































































































































































































h) CO   emissions2
Levelised cost of technology
Figure 2.18 Technology	ranking,	2015
source: EPRI	technology	status	data,	2010
Note for 2.18 and 2.19:	EPRI	levelised	cost	of	technology	estimates	based	on	simplified	pro-forma	costs,	individual	projects	may	lie	outside	
this.	Levelised	cost	of	technologies:	includes	weighted	cost	of	capital	(8.4%	real	before	tax);	excludes	financial	support	mechanisms;	excludes	
grid	connection,	transmission,	and	firming	(standing	reserve	requirements);	and	includes	a	notional	allowance	of	7.5%	for	site-specific	costs.
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The	relative	costs	of	different	technologies	is	more	
important than the absolute magnitude of these 
costs in determining their relative prospects in the 
electricity	generation	sector	(merit	order).	The	EPRI	
results show that in the medium term, coal and gas 
will remain amongst the lower technology cost options, 
although	these	costs	are	expected	to	increase	when	
CCS technology is adopted. Of the renewable energy 
technologies, wind is one of the lowest cost options. 




are shown to be competitive with other baseload 
technologies. 





technologies, initially have higher costs than 
incumbent technologies. But over time, the costs of 






generation than many other renewable technologies. 
Those	still	at	development	and	demonstration	stage	
include a number of solar, ocean and geothermal 
technologies.	Figure	2.21,	developed	by	EPRI,	
shows the stage of development of key renewable 
technologies and the relationship of the stage of 
development to the costs of that technology. 
As these technologies advance and technical issues 
are	resolved,	it	is	expected	that	costs	will	decrease,	
encouraging	more	widespread	uptake.	The	rate	of	
switching from older technologies to these new 
technologies will depend on both relative costs and 
Cost competitiveness of energy technologies
The	cost	imposed	by	a	price	on	carbon	emissions	
and the demand for energy sources with lower 
greenhouse gas emissions generally is driving 
the development of new low emissions energy 
technologies.	Many	of	these	are	at	different	stages	
of development, demonstration and deployment 
(see below) and hence have different cost 
structures. 
The	Electric	Power	Research	Institute	(EPRI)	
has recently assessed the status of different 
electricity	technologies	in	2015	and	2030.	
This	EPRI	technology	status	data	enables	the	
comparison of technologies at different levels 
of	maturity.	It	should	not	be	used	to	forecast	
market	and	investment	outcomes.	The	levelised	
cost of technologies represents the revenue per 




impact of uncertainty ranges in plant capital cost, 
fuel cost, project and site specific costs, and CO
2
 






















developed on the basis of generic plant configurations 
rather	than	on	detailed	plant	designs	or	equipment	
and material costs, and are subject to uncertainty in 
relation to a number of factors, they provide valuable 
and comprehensive information on the relative 
costs of different electricity generation technologies 
in an Australian setting, and how these costs might 
change	over	time.	Importantly	though,	these	costs	







R&D seeks to overcome technical barriers and
to reduce costs. Commercial outcomes are
highly uncertain, especially in the early stages.
The technology is demonstrated in practice.
Costs are high. External (including government)
funding may be needed to finance part or all
of the costs of the demonstration.
Successful technical operation, but possibly in
need of support to overcome costs or non-cost
barriers. With increasing deployment, technology
learning will progressively decrease costs.
The technology is cost competitive in some or
all markets, either on its own terms or, where
necessary, supported by government
intervention (e.g. to value externalities such
as the costs of pollution).
AERA 2.20
Figure 2.20 Stages in technology development
source: IEA	2008
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Future energy investment 
Any	future	expansion	of	Australia’s	energy	market,	
including access to new energy resources, will 
require	investment	in	energy	infrastructure.	Energy	
infrastructure is currently concentrated in areas 
where energy consumption is highest and major 
energy resources are located, particularly along 
the eastern seaboard of Australia. A significant 
expansion	in	Australia’s	energy	infrastructure	–	
particularly electricity generation and transmission 
–	will	be	required	in	the	next	two	decades	if	Australia	
is to meet its growing and changing demand for 


















could be even greater if Australia commits to 
accelerated climate change action, particularly 
increasing the share of renewable energy in electricity 
generation.
on	the	extent	to	which	consumers	value	the	long	
term, often at that stage uncertain, benefit of the 
new	technology	(IEA	2008).
Governments can also influence the rate at which a 
technology advances, through assistance in research 
and development, and in demonstration projects 
for	new	technologies.	For	example,	the	Australian	
Government announced the $4.5 billion Clean Energy 
Initiative	in	May	2009,	which	will	support	RD&D	
of low emissions energy technologies, including 
industrial-scale CCS and solar energy.
Each individual resource chapter includes 
information on emerging technologies, including their 
development status, potential benefits, as well as 





































Solar dish-stirling STE Solar central receiver STE
Solar PV
thin-film Solar parabolic trough STE
Solar PV silicon
Figure 2.21 Grubb curve for a range of renewable energy technologies
source: EPRI	technology	status	data,	2010







Total 414 – 546
Crude oil and petroleum products 33	–	51
Natural gas 180	–	235
Coal 105	–	130




Total 414 – 546
source: APERC	2009
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Primary energy consumption
Australia	is	the	world’s	twentieth	largest	primary	





the rate of growth has been decreasing over the past 
50	years.	Following	annual	growth	of	around	5	per	
2.4.2 Overview of Australian energy 










at a faster rate than domestic consumption in recent 
years, driven by growing global demand for energy. 
Over	the	period	1999–2000	to	2007–08,	energy	







by coal, which accounted for 54 per cent of total 




renewables represented 2 per cent.
Australian production of renewable energy is 




































17 070 98.3 2.7
Black coal 8722 50.2 4.0




Gas 1833 10.6 4.2
Uranium 4747 27.3 2.5
Renewables 290 1.7 1.1
Hydro 43 0.3 -4.2
Wind 14 0.1 69.5
Bioenergy 226 1.3 0.3
Solar 7 0.0 13.0
Geothermal 0 0.0 -
Total 17 360 100.0 2.7
source: ABARE	2009a
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be attributed to two main factors. First, greater 
efficiency has been achieved through technological 
improvement and fuel switching. Second, rapid 
growth has occurred in less energy intensive sectors 
such as the commercial and services sector relative 
to the more moderate growth of the energy intensive 
manufacturing sector.
Australian primary energy consumption consists 
mainly of oil and coal. Black and brown coal 
accounted	for	the	greater	share	of	the	fuel	mix,	at	
around	40	per	cent,	followed	by	oil	(34	per	cent),	 






fired, with a much smaller but increasing contribution 
from	gas	(16	per	cent)	and	renewables	(7	per	cent),	
predominantly hydro with lesser contributions from 
bioenergy,	wind	and	solar	photovoltaic	cells	(PV)	
figure	2.24).	Australia’s	abundant	coal	resources,	
located mostly on the eastern seaboard close to the 
largest electricity market, have historically provided  













cent per year, largely as a result of the two major oil 
price	shocks.	During	the	1980s,	economic	recession	
and sharply rising energy prices resulted in annual 
growth	falling	to	an	average	of	2.3	per	cent.	Despite	
robust economic growth, annual average growth in 
energy consumption fell to 1.9 per cent over the 
period	from	1999–00	to	2007–08.
This	trend	indicates	a	longer	term	decline	in	energy	
intensity of the Australian economy which can 
Table 2.7 Australian primary energy consumption, 
2007–08









Coal 2292 39.7 1.4
Oil 1941 33.6 1.3
Gas 1249 21.6 3.9
Renewables 290 5.0 1.1
Hydro 43 0.8 -4.2
Wind 14 0.2 69.5
Bioenergy 226 3.9 0.3
Solar 7 0.1 13.0
Geothermal 0 0.0 -
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and assumptions are available in that publication 
(ABARE	2010a).
ABARE’s	long	term	energy	projections	exclude	
uranium, because it is not used to produce energy 
domestically and there are currently no plans to do 
so. For this energy resource assessment, ABARE 





















































Volume PJ Value $m Volume PJ Value $m
Coal 7183 24	403 - -
Oil and oil products 808 14	446 1678 29	879
LNG 802 5854 202a 724
Uranium 4765 887 - -
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uranium production and trade and included it in 
the results for total energy production and trade. 
As a result, the projected growth rates and totals 










supported by increased demand both domestically 
and	for	export	(figure	2.26).	The	share	of	uranium	








demand for coal in the domestic market. 
Primary energy consumption
Over	the	period	to	2029–30,	Australian	energy	
consumption is projected to increase by 1.4 per 
cent	per	year	to	7715	PJ	in	2029–30.	This	rate	of	
growth is slower than in previous decades, reflecting 
the	introduction	of	significant	policy	measures	–	the	
Table 2.9 Outlook for energy production by fuel, 
2029–30	








34 467 98.3 3.2
Coal 13	875 39.6 1.8
Oil	and	LPG 668 1.9 -2.0
Gas 8505 24.3 6.7
Uranium 11	420 32.6 4.1
Renewables 590 1.7 3.5
Hydro 46 0.1 0.2
Wind 160 0.5 11.6
Bioenergy 340 1.0 2.2
Solar 24 0.1 5.9
Geothermal 20 0.1 18.4
















































prices, and an associated dampening effect on 
energy	demand.	It	also	reflects	the	slow	down	in	
economic growth in the short term, and ongoing 
efficiency improvements in the Australian economy. 
Australia’s	aggregate	energy	intensity	(measured	as	
total	domestic	energy	consumption	per	dollar	of	GDP)	









fuel over the projection period. Gas consumption is 
projected	to	rise	by	3.4	per	cent	per	year	over	the	
outlook period, with total primary demand for gas 
projected	to	more	than	double	to	reach	2575	PJ	by	
2029–30.	This	growth	in	demand	is	driven	primarily	
by the electricity generation sector and the mining 
sector, and reflects the shift to less carbon intensive 
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energy is projected to take place in the period to 
2019–20	reflecting	the	implementation	of	the	RET.	
Electricity generation




5 per cent emissions reduction target and other 
government initiatives, the relative shares of non-
Box 2.2 STATISTICAL	REPORTING	ISSUES
ABARE	(2010a)	Australian energy projections to 
2029–30, does not include projections for uranium 
production	and	trade.	This	is	because	uranium	
is not used to produce energy domestically. For 
the purposes of this Australian energy resource 
assessment, ABARE has separately undertaken 
projections for uranium production and trade to 
2029–30.	This	is	to	enable	a	more	complete	
discussion of future demands on Australian energy 
resources	in	this	assessment.	However,	as	a	
result, the projections reported here for total energy 
production and trade and their respective annual 
















in this assessment are consistent with those in 
ABARE	(2010a).
The	figures	for	gas	production	in	2007–08	also	differ	





production projections, which combines the two. Gas 
resources and production reported by Geoscience 
Australia	also	include	the	JPDA	in	the	total.
There	is	a	range	of	estimates	available	for	the	shares	
of fuel used in electricity generation in Australia. For 
2007–08,	this	assessment	uses	unpublished	ABARE	
estimates based on the Australian Energy Statistics 
(ABARE	2009a).	This	may	differ	from	other	published	
estimates for a number of reasons, including  
whether it is based on fuel inputs into electricity 
generation or electricity output, the conversion factor 
for fuel inputs to electricity outputs, and the type  
of	generator	included	(for	example,	whether	off-grid,	









































Table 2.10 Outlook for primary energy consumption, 
by	fuel,	2029–30









Coal 1763 22.8 -0.8
Oil 2787 36.1 1.3
Gas 2575 33.4 3.4
Renewables 590 7.6 3.5
Hydro 46 0.6 0.2
Wind 160 2.1 11.6
Bioenergy 340 4.4 2.2
Solar 24 0.3 5.9
Geothermal 20 0.3 18.4
Total 7715 100.0 1.4
source: ABARE	2010a
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A large part of the decline in coal-fired electricity is 
taken	up	by	gas-fired	generation	technologies.	The	
share of gas in electricity generation is projected 
to	rise	to	37	per	cent	in	2029–30.	The	projected	
increase in gas-fired electricity generation is 
supported by its major share of currently committed 
electricity generation capacity (figure 2.29). As of 
October	2009,	conventional	gas	and	coal	seam	gas	
accounted	for	60	per	cent	of	the	total	capacity	of	
advanced electricity generation projects in Australia, 
with	more	than	2100	MW	of	new	gas-fired	plants	
committed	or	under	construction	(ABARE	2009f).	
Gas-fired generation is a mature technology with 
competitive cost structures relative to new and 
renewable technologies. As such, it has the potential 
to play a major role in the transition period until lower-
emission technologies become more cost effective. 
The	flexibility	of	gas-fired	turbines	(notably	open	cycle	
gas turbines) will underpin a greater role as peaking 




what would have been generated without the policy. 
Within	the	category	of	non-renewable	energy,	the	
key change projected over the outlook period is a 
substitution away from coal-fired generation to gas-
fired	generation.	While	coal	is	expected	to	continue	to	
dominate	the	electricity	fuel	mix	under	the	assumed	
policy setting, emission pricing leads to a switch 
from higher-emission energy sources for electricity 
generation. Coal-fired electricity (both black and 
brown coal) generation is projected to decrease at 
an	average	rate	of	0.6	per	cent	per	year	over	the	
projection period, leading to a fall in its share to  
43	per	cent	in	2029–30	(table	2.11;	figure	2.28).	
The	longer	term	role	of	coal	is	heavily	dependent	
on technological developments related to CCS. 
The	timing	for	the	deployment	of	CCS	technologies	
hinges on the economic viability of this technology 
given	emission	prices.	In	the	modelling	undertaken	
in	ABARE	(2010a),	the	deployment	of	CCS	
technologies for new plants is not triggered to any 
significant	extent	because	of	their	relatively	high	
costs. Nonetheless, the modelling results suggest 
that, largely due to the development of subsidised 
projects, some coal-fired electricity generation with 
CCS	will	emerge	by	2030.	In	addition,	the	significant	
global support to overcome technical and financing 
hurdles faced by CCS technologies (Global CCS 
Institute	2009)	have	the	potential	to	bring	forward	
the large-scale, commercial deployment of CCS 
technologies for electricity generation and other 
energy-intensive industries through accelerated cost 
reductions associated with learning by doing.
Table 2.11 Electricity	generation,	by	fuel,	2029–30	









Coal 157 42.8 -0.6
Gas 135 36.8 5.0
Oil 5 1.5 0.0
Renewables 69 18.9 6.2
Hydro 13 3.5 0.2
Wind 44 12.1 11.6
Bioenergy 3 0.7 2.3
Solar 4 1.0 17.4
Geothermal 6 1.5 18.4












































































































various stages of development
source: ABARE	2009f
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energy	potential.	Exploration	for	geothermal	resources	
is	taking	place	in	all	states	and	the	Northern	Territory.	
Electricity generation from geothermal energy in 
Australia is currently limited to a single small operation 
but several projects are at proof-of-concept or early 
commercial demonstration stage. A significant 
impediment to geothermal electricity generation is 
the	distance	of	many	of	the	resources	from	existing	
transmission lines or consumption centres. Given the 
major investment in geothermal energy RD&D by both 
government and industry in Australia, it is considered 
likely that commercial-scale geothermal power will 
become commercially viable over the outlook period. 
Geothermal energy is projected to account for 1.5 per 
cent	of	electricity	generation	by	2029–30.	
Hydroelectricity	generation	is	projected	to	remain	
broadly unchanged over the outlook period, reflecting 





and the development of small-scale schemes.
While	Australia	has	abundant	and	widespread	
renewable energy resources, the projected major 
shift to renewables will depend on the rate of 
technological advances and demonstration of 
commercial viability, with attendant reduction in the 
cost	of	the	technologies.	This	applies	particularly	
to solar and geothermal in the first instance (being 
further along the Grubb curve as shown in figure 
2.21) as well as wave and tidal energy. Government 
support	is	expected	to	be	important	in	development	
and	demonstration	of	these	new	technologies.	The	
uptake of renewable energy will also be influenced 
by	timely	and	adequate	investment	in	infrastructure	
development.
as backing for a greater contribution from intermittent 






the majority of the increase in electricity generation 
from renewable sources over the projection period 
to account for 12 per cent of electricity generation in 
2029–30.	Within	the	renewable	technology	cluster,	
wind energy is a proven technology with relatively 
lower	costs.	The	growth	in	wind	energy	is	being	





the potential commercialisation of second generation 
technologies,	and	the	RET,	bioenergy	has	the	
potential to make a growing contribution to renewable 
electricity	generation	in	Australia.	However,	this	
growth potential is likely to be constrained to some 
extent	by	competition	for	bioenergy	resources,	
land and water availability, and logistical issues 
associated with handling, transport and storage. 
Bioenergy for electricity generation is projected 
to	grow	by	2.3	per	cent	per	year	over	the	period	
to	2029–30	accounting	for	nearly	1	per	cent	of	
electricity generated in that year. 
Solar energy is projected to grow at an average 
annual	rate	of	17	per	cent,	albeit	from	a	very	low	
base. Electricity generation from solar energy in 
Australia	is	currently	almost	entirely	sourced	from	PV	
installations. Electricity generation from solar thermal 
systems is currently limited to small pilot projects, 
although interest in solar thermal systems for large 
scale	electricity	generation	is	increasing.	The	high	
investment costs of solar technologies represent the 
most	important	barrier	to	their	deployment.	However,	
there is considerable scope for the cost of these 
technologies	to	decline	significantly	over	time.	The	
uptake of solar energy, and renewable energy sources 
generally, will also depend on government policies 
aimed	at	reducing	greenhouse	gas	emissions.	In	
the first instance, uptake will be driven by projects 




growth of solar energy in Australia over the outlook 
period. Government support for technology research, 
development and demonstration is likely to play a 
significant role in accelerating the development and 


























































































as a proportion of consumption over the projection 
period	(figure	2.30).





demand for coal will continue to increase in the 
period	to	2030	as	a	result	of	increased	demand	for	
electricity and steel making raw materials, particularly 
in emerging market economies in Asia. Australia,  
with	its	abundant	resources	of	high-quality	coal,	has	
the potential to contribute significantly to meeting this 
increased	demand,	subject	to	adequate	investment	in	
mine and related infrastructure development. 
Growth	in	LNG	exports	will	be	supported	by	the	
development	of	a	number	of	expansion	and	greenfield	
projects, both in north west Australia and based on 









Asian investment in nuclear capacity, by more than  
4	per	cent	per	year	to	reach	11	420	PJ.
2.5 References


































































































































































Total produced: 25 536















Crude oil remaining: 76
Condensate remaining: 0.2
CARNARVON BASIN
Total produced: 13 357



























Liquid hydrocarbon (Crude Oil, Condensate
& LPG) resources in PJ




Figure 3.1 Australian	crude	oil,	condensate	and	naturally-occurring	LPG	resources,	infrastructure,	past	production 
and	remaining	resources	
source: Geoscience	Australia
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Reserves PJ - 24	284 8	257	028
Bbbl - 4.2 1408
Share	of	world % - 0.3 100
Production of crude oil, condensate and LPg PJ 1059 - 174	012
mmbbl 187 194 30	471
Share	of	world % - 0.6 100
Average	annual	growth	from	2000 % -4.3 1.3
Oil refining capacity kb/d - 734 88	627
Share	of	world % - 0.8 100
Consumption of crude oil, condensate and LPg PJ 1417 - -
Average	annual	growth	from	2000 % -2.4 - -
Consumption of oil and oil products PJ 1942 - 171	236a
mmbbl - 342 31	586a
Share	of	world % - 1.1 100
Share	of	primary	energy	consumption % 33.6 - 34.0
Average	annual	growth	from	2000 % 1.3 - 1.6
Imports of crude oil and other refinery feedstocks PJ 1019 - 98	392a
Average	annual	growth	from	2000 % -0.3 - 1.8
Imports of oil and oil products PJ 1678 - 139	109a
kb/d 762 771 67	277a
mmbbl 278 282 24	556a
Share	of	world % - 1.1 100
Average	annual	growth	from	2000 % 4.2 - 2.6
exports of crude oil, condensate and LPg PJ 661 - 92	842a
Average	annual	growth	from	2000 % -3.0 - -
exports of oil and oil products PJ 807.7 - 135	742a
Average	annual	growth	from	2000 % -2.6 - -
Note: Bbbl	–	billion	barrels,	mmbbl –	million	barrels,	kb/d	–	thousand	barrels	a	day
a 2007	data	 	 	 	
source: ABARE	2009b;	BP	2009a;	IEA	2009a,	b	 	 	











































































b) Oil production, 2008
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share of world 
production (%)
Asia	Pacific 25	098 28.3 22	653 28.0
North	America 21	035 23.7 21	567 26.7
Europe 17	007 19.2 16	071 19.9
Former	Soviet	Union 8079 9.1 6172 7.6
Middle	East 7592 8.6 6493 8.0
Latin	America 6588 7.4 5434 6.7
Africa 3228 3.6 2466 3.0
World 88 627 100.0 80 856 100.0
































a) Oil consumption, by region







































































































africa australasia unknown World 
exports
From
Middle	East	 63 18 19 8 60 12 11 37
Africa	 8 19 22 27 7 1 0 15
Former	Soviet	
Union 
4 4 47 4 1 1 40 15
North	America	 1 31 5 42 2 2 6 11
Asia	Pacific	 19 1 1 12 4 80 8 10
Latin	America	 3 17 4 0 2 0 0 7
	Europe	 1 8 0 7 24 0 34 4
	Australasia	 1 0 0 0 0 0 0 1
	Unknown	 0 2 2 0 0 4 0 1
World	imports 40 26 25 3 3 2 1 100
source: BP	2009a		 	 	 	 	 	 	
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World oil supply PJ 169 097 210 271
mmbbl 29	610 36	820





World primary  
oil demand


























































































































(as at 2008 in PJ)
Remaining resource (EDR + SDR)
















Total 16 170 2750
source: Geoscience	Australia	2009a
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1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
Year
AERA 3.13
Discoveries (cumulative number)Crude oil (annual discovered volume mmbbl)
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(as at 2008 in PJ)
Remaining resource (EDR + SDR)
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quarter of the initial resource. 
In	2008	at	current	levels	of	production,	Australia	had	
20	years	of	naturally-occurring	LPG	remaining.
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Demonstrated Resources Undifferentiated (in PJ)
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easy to develop 8414 PJ
(~1400 mmbbls)
Crude oil
131 600 PJ (~22 000 mmbbls)
Contingent and inferred resource Shale Oil
6468 PJ
1100 mmbbls




























Total produced: 25 536















Crude oil remaining: 76
Condensate remaining: 0.2
CARNARVON BASIN
Total produced: 13 357



























Liquid hydrocarbon (Crude Oil, Condensate
& LPG) resources in PJ























































































Crude Oil Condensate LPg
PJ PJ mmbbl PJ mmbbl PJ mmbbl
EDR Carnarvon 12	464 4405 749 5457 928 2602 618
EDR Browse 3957 0 0 3957 673 0 0
EDR Bonaparte 4131 676 115 2264 385 1191 283
EDR Gippsland 2626 1353 230 629 107 644 153
EDR Other 945 516 88 253 43 176 42
Total eDR       24 123 6950 1182 12 560 2136 4613 1096
SDR Carnarvon 868 434 74 434 74 0 0
SDR Browse 3797 82 14 2327 396 1389 330
SDR Bonaparte 1063 529 90 534 91 0 0
SDR Gippsland 470 348 59 122 21 0 0
SDR Other 473 71 12 193 32 209 49
Total sDR 6671 1464 249 3610 614 1597 379
Total eDR + sDR 30 794 8414 1431 16 170 2750 6210 1475
source: Geoscience	Australia	2009a
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Project Company Basin start up Capacity Capital 
expenditure 
($m)
Cliff	Head	oil	field ROC	Oil Perth 2006 20	kbpd 285
Enfield	oil	field Woodside	Energy/Mitsui Carnarvon 2006 100	kbpd 1480
Puffin	oil	field AED	Oil/Sinopec Bonaparte 2007 30	kbpd 150
Woollybutt	oil	field	South	Lobe Tap	Oil Carnarvon 2008 6–8	kbpd 143
Perseus-over-Goodwyn	project Woodside	Energy Carnarvon 2008 na 800
Stybarrow	oil	field	 BHP	Billiton/Woodside	
Energy
Carnarvon 2008 80	kbpd 874

























































































1969-70 1975-76 1981-82 1987-88 1993-94 1999-00 2005-06
Year
Imports of refinery feedstocks
































































1969-70 1975-76 1981-82 1987-88 1993-94 1999-00 2005-06
Year
Imports of refinery feedstocks










Clyde	 Shell 1928 4930
Kurnell Caltex 1956 7320
Queensland
Bulwer	Island	 BP 1965 5110
Lytton	 Caltex 1965 6270
south australia
Port	Stanvaca Mobil	 1963 (4520)
Victoria
Altona	 Mobil	 1949 4530
Geelong	 Shell 1954 6380
Western australia
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b) Refined oil products
1989-90 2007-081992-93 1995-96 1998-99 2001-02 2004-05
Year
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and half kilometres.  



















































































































































Approximate maximum water depth shown in metres (m)
Figure 3.34 Types	of	offshore	drilling	vessels
source: Wilkinson	2006
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a) Exploration expenditure and oil prices
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1980 1985 1990 1995 2000 2005
Year
b) Number of development wells
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especially	under	the	Environmental Protection and 








































a$/bpd Water depth 
(m)
Roller/Skate WA 1994 170 - - 10
Elang/Kakatua WA 1998 42 40 1050 -
Stag WA 1998 180 50 3600 49
Cossack/Wanaea WA 1999 190 25 7600 80
Laminaria/Corallina WA 1999 1370 155 8839 -
Buffalo WA 2000 145 40 3625 -
Lambert/Hermes WA 2000 120 16 7500 126
Legendre WA 2001 110 40 2750 52
Laminaria	Phase	2 WA 2002 130 65 2000 -
Mutineer-Exeter WA 2005 440 90 4889 168
Basker	and	Manta Vic 2005 260 20 13	000 -
Enfield WA 2006 1480 74 20	000 544
Cliff	Head WA 2006 285 12.5 22	800 -
Puffin NT 2007 100 25 4000 -
Vincent	(stage	1) WA 2008 1000 100 10	000 -
Stybarrow	 WA 2008 874 80 10	925 800
Woollybutt WA 2008 143 7 20	429 100
Note: kbpd	–	thousands	of	barrels	per	day,	$A/bpd	–	cost	in	Australian	dollars	per	additional	barrel	per	day	production	capacity
source: ABARE
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reat   Barrier
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95% mean 5% 95% mean 5%
PJ mmbbl PJ mmbbl PJ mmbbl PJ mmbbl PJ mmbbl PJ mmbbl
Bonaparte 2252 383 7562 1286 15	317 2605 1564 266 6345 1079 14	124 2402
Browse 1347 229 6203 1055 15	323 2606 1241 211 5492 934 12	965 2205
Carnarvon 5069 862 14	000 2381 23	826 4052 7138 1214 21	650 3682 38	408 6532
Gippsland 606 103 1823 310 3428 583 423 72 1993 339 4398 748



























































































Outer Limit of the Continental Shelf of Australia -
as defined by UNCLOS & certain treaties (not all in force)
Outer Limit of the Exclusive Economic Zone of Australia -
as defined by UNCLOS & certain treaties (not all in force)
Basin outline
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Undiscovered in frontier basins
Undiscovered condensate in proven basins
Undiscovered crude oil in proven basins
Oil shale inferred resources
Oil shale contingent resources
LPG resorces (EDR + SDR)
Condensate resources (EDR + SDR)
Crude oil resources (EDR + SDR)
Field growth
EOR













Production	of	crude	oil,	condensate	and	LPG PJ 668 -2.0
Consumption	of	crude	oil,	condensate	and	LPG	 PJ 2443 1.8
Consumption	of	crude	oil,	condensate,	LPG	and	oil	products PJ 2787 1.3
Share	of	primary	energy	consumption % 36
Net	imports	of	crude	oil	and	LPG PJ 1775 5.0
Net	imports	of	crude	oil,	LPG	and	petroleum	products PJ 2119 3.3
source: ABARE	2010
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Year
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Conventional Gas Produced: 47
Conventional Gas Remaining: 528
BONAPARTE BASIN
Conventional Gas Produced: 647
Conventional Gas Remaining: 26 119
BOWEN BASIN
Conventional Gas Produced: 647




Conventional Gas Produced: 8216
Conventional Gas Remaining: 8641
COOPER/EROMANGA/
WARBURTON BASINS
Conventional Gas Produced: 6549
Conventional Gas Remaining: 911
AMADEUS BASIN
Conventional Gas Produced: 410
Conventional Gas Remaining: 339
PERTH BASIN
Conventional Gas Produced: 709
Conventional Gas Remaining: 889
CARNARVON BASIN
Conventional Gas Produced:  14 388
Conventional Gas Remaining: 103 846
OTWAY BASIN
Conventional Gas Produced: 484
Conventional Gas Remaining: 1889
SURAT BASIN
Conventional Gas Produced: 287














Conventional Gas Produced: 2




Conventional Gas Produced: 9
Conventional Gas Remaining: 0
CANNING BASIN
Conventional Gas Produced: 0
Conventional Gas Remaining: 7
BROWSE BASIN
Conventional Gas Produced: 0
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Reserves PJ - 122	100 645	700 7	187	400
tcf - 111 587 6534
Share	of	world % - 1.7 9 100
World	ranking no. - 14 - -
Production PJ	 1833 1832 44	773 120	711
tcf 1.6 1.6 40 107
Share	of	world % - 1.5 37 100
World	ranking no. - 19 - -
Annual	growth	in	production	2000–2008 % 4.2 4.1 0.7 2.8
Primary energy consumption PJ 1249 1351 59	992 121	280
tcf 1.1 1.2 53 107
Share	of	world % - 1.1 49 100
World	ranking no. - 27 - -
Share	of	total	primary	energy	consumption % 21.6 20.5 23.7 20.9
Annual	growth	in	consumption	2000–2008 % 4.0 5.3 1.4 2.8
electricity generation TWh - 42 2343 4127
Share	of	total % - 15.9 22.0 20.9
export
LNG	export	volume Mt 14.3 15.0 146 168
tcf 0.7 0.7 7.0 8.0
Share	of	world % - 8.9 87 100
World	ranking no. - 6 - -
LNG	export	value A$b 5.9 9.2 - -
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b) Gas production 2008
AERA 4.10
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a) Gas consumption by region
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a) Gas consumption by region
























































































































a) LNG exports 2008
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Share	of	world % - 100	
source: IEA	2009c;	Campbell	2009;	Lakes	Oil	2009
Table 4.2 Key	coal	seam	gas	statistics,	2008 
unit australia World
CSG	resources PJ 168	600a 10	240	000b
tcf 153a 9047b
Share	of	world % 1.6 100
CSG	production PJ 139 	2700c
tcf 0.1 2.3






























































oeCD TWh 2307 2962
Share	of	total % 22 22
Average	annual	growth	2007–2030 % - 1.1
Non-oeCD TWh 1819 4097
Share	of	total % 20 19
Average	annual	growth	2007–2030 % - 3.6
World TWh 4126 7058
Share	of	total % 21 21




oeCD PJ 52	712 60	834
tcf 47 54
Share	of	total % 23 25
Average	annual	growth	2007–2030 % - 0.6
Non-oeCD PJ 52	502 88	258
tcf 46 78
Share	of	total % 20 20
Average	annual	growth	2007–2030 % - 2.3
World PJ 105	172 149	092
tcf 93 132
Share	of	total % 21 21
Average	annual	growth	2007–2030 % - 1.5
source: IEA	2009c
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EDR Carnarvon 81	400 74
EDR Browse 18	700 17
EDR Bonaparte 11	000 10
EDR Gippsland 7	700 7
EDR Other 3	300 3
Total eDR    122 100 111
SDR Carnarvon 22	000 20
SDR Browse 17	600 16
SDR Bonaparte 15	400 14
SDR Gippsland 1	100 1
SDR Other 2	200 2
Total sDR 58 300 53











































































































Produced:  14 388

































Remaining resource (EDR + SDR)





as at 2008 in PJ
Figure 4.15 Australia’s	conventional	gas	resources,	proven	gas	basins	and	gas	infrastructure	
source: Geoscience	Australia
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Carnarvon >40 - >44	000 under 
construction
Ichthys Browse 12.8 527 17	137 FEED
Woodside	Browse	project,	including	Torosa,	
Brecknock	and	Calliance
Browse 14 370 17	546 undeveloped
Greater	Sunrise	(including	Sunrise	and	
Troubadour)
Bonaparte 7.7 - 8470 undeveloped
Evans	Shoal Bonaparte 6.6 - 7260 undeveloped
Scarborough Carnarvon 5.2 - 5720 undeveloped
Pluto	(including	Xena) Carnarvon 4.65 55.3 5436 under 
construction
Wheatstone Carnarvon 4 - 4400 FEED
Clio Carnarvon 3.5 - 3850 undeveloped
Chandon Carnarvon 3.5 - 3850 undeveloped
Prelude	(including	Concerto) Browse 2.5 40 2982 undeveloped
Thebe Carnarvon 2	-	3 - 2200–3300 undeveloped
















































































































































Coal Seam Gas 5441 SURAT BASIN
Coal Seam Gas 10 273
CLARENCE-
MORETON BASIN
Coal Seam Gas 298GUNNEDAH BASIN
Coal Seam Gas 336
GLOUCESTER BASIN
Coal Seam Gas 176
SYDNEY BASIN


















Coal seam gas EDR as
at 2008 in PJ
Coal seam gas
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115+ tcf - conventional gas undiscovered
250+ tcf - CSG in ground







111 tcf - CSG







































Gas field locationGas basin
Gas pipeline
Gas pipeline (proposed)
Tight Gas, Shale Gas and Gas Hydrate
Figure 4.23 Tight	gas,	shale	gas	and	gas	hydrate	resource	locations	and	gas	infrastructure	
source: Geoscience	Australia
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Resource Category Conventional Gas Coal seam Gas Tight Gas Total Gas
PJ tcf PJ tcf PJ tcf PJ tcf
EDR 122	100 111 16	590 15.1 - - 138	690 126
SDR 58	300 53 30	000 27.2 - - 88	300 80
Inferred 22	000 20 122	020 111.0 22	000 20 166	020 151
All	identified	resources 202	400 184 168	600 153 22	000 20 393	000 357
Potential	in	ground	
resource
unknown unknown 275	000 250 unknown unknown unknown unknown
Undiscovered	in	four	
proven	basins
125	400 114 unknown unknown unknown unknown unknown unknown
Undiscovered	frontier	
basins
unknown unknown unknown unknown unknown unknown unknown unknown
Resources	–	identified,	
potential	and	undiscovered
327	800 298 443	600 403 22	000 20 793	400 721
source: Geoscience	Australia



































Total 1930 32 394
Note: Includes imports	from	JPDA
source: Geoscience Australia






















































Natural gas consumption (PJ)




















1995-96 1999-00 2001-02 2003-04 2005-06 2007-08
AERA 4.26
1997-98
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John	Brookes Santos Carnarvon 2005 58 61
Minerva BHP	Billiton Otway 2005 55 32
Bassgas Origin Bass 2006 20 17
Casino Santos Otway 2006 33 34
Otway Woodside Otway 2007 60 44
Angel Woodside Carnarvon 2008 310 na











































































Roma,	Qld 2006 na $52	m
Argyle Queensland	Gas	
Company
Roma,	Qld 2007 7.4 $100	m
Spring	Gully	CSM	
project	(phase	4)
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Conventional	gasb PJ 589 1179 175 1942
Coal seam gas PJ 124 0 0 124
Total PJ 713 1179 175 2066
Share	of	total % 35 57 8 100
Primary gas consumption
Total PJ 713 516 33 1262
Share	of	total % 57 41 3 100
LNG exportsc
Total PJ 0 663 141 804


































1970-71 1977-78 1984-85 2005-061998-991991-92
Year
b) Western gas market
c) Northern gas market



































1970-71 1977-78 1984-85 2005-061998-991991-92
Year
b) Western gas market
c) Northern gas market



































1970-71 1977-78 1984-85 2005-061998-991991-92
Year
b) Western gas market
c) Northern gas market



































1970-71 1977-78 1984-85 2005-061998-991991-92
Year
b) Western gas market
c) Northern gas market
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2001–02 2002–03 2003–04 2004–05 2005–06 2006–07 2007–08 2008–09
Natural	Gasa	$A/GJ	 $2.16 $2.34 $2.50 $2.59 $2.71 $3.34 $3.72 $3.32
LNGb	$A/t $428.17 $402.49 $324.32 $348.10 $401.94 $376.29 $428.63 $620.71


















































































Field outlines are provided by GPinfo, an Encom Petroleum Information Pty Ltd product.  Field outlines in GPinfo are sourced, where possible, from the operators of the fields only.





Bathymetry contour (depth in metres)200
Figure 4.32 Gas	fields	in	the	Carn rvon	Basin	
source: Field	outlines	are	provided	by	GPinfo,	an	Encom	Petroleum	Information	Pty	Ltd	product.		Field	outlines	in	GPinfo	are	sourced,	 
where	possible,	from	the	operators	of	the	fields	only.	Outlines	are	updated	at	irregular	intervals	but	with	at	least	one	major	update	per	year
















1971 North	Rankin 12.28 203 ~	14	700 <	5% 122 130 export	LNG	
1989
1980 Gorgon 17.2 121 ~	19	630 >	10% 259 120 construction,	
LNG	2015
1980 Scarborough 5.2 0 ~	5	720 <	5% 923 310 undeveloped
2006 Pluto 4.6 0 ~	5	060 <	5% 900 190 construction,	
LNG	2011
1993 East	Spar 0.25 14 ~	360 <	5% 98 100 domestic	
production	1996
Browse
1980 Ichthys	 12.8 527 ~	17	180 >	5% 256 220 FEED,	LNG	
2015
1971 Torosa 11.4 121 ~	13	250 >	5% 50 280 undeveloped
Note: Data	compiled	from	various	public	sources,	including	companies’	reports	to	the	Australian	Securities	Exchange
source: Geoscience	Australia
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Scheduled area boundary (OPGGSA 2006)
Gas pipeline
Bathymetry contour (depth in metres)200
Field outlines are provided by GPinfo, an Encom Petroleum Information Pty Ltd product.  Field outlines in GPinfo are sourced, where possible, from the operators of the fields only.
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Capacity mt Unit cost $/t
North	West	Shelf	4th	train WA 2004 2.5 4.4 57
Darwin	LNG	 NT 2006 3.3 3.2 103
North	West	Shelf	5th	train WA 2008 2.6 4.4 59
Pluto	LNG WA late	2010 12.0 4.3 279
Gorgon	LNG WA 2015 43.0 15.0 287
source: ABARE
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Identified resources not yet included in  
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Basin status First Discovery Production/Commercial Discovery
Adavale past	gas	producer 1964	–	Gilmore 1995	–	2002	Gilmore	gas	production
Amadeus	 gas	producer 1965	–	Palm	Valley 1983	–	gas	piped	to	Alice	Springs
Bass gas	producer 1967	–	Bass–3	gas 2006	–	BassGas	project
Bonaparte	 gas	producer 1969	–	Petrel	 2006	–	Darwin	LNG	production
Bowen gas	producer 1970	–	Rolleston 1990	–	Denison	Trough	gas	piped	to	
Brisbane




Carnarvon	–	onshore gas	producer 1966	–	Onslow–1	 1991	–	Tubridgi	gas	production
Carnarvon	–	offshore gas	producer 1971	–	North	Rankin 1984	–	NW	Shelf	gas	piped	to	Perth
Carnarvon	–	Exmouth	Plt.	 potential	gas	producer 1980	–	Scarborough	  
Cooper gas	producer 1963	–	Gidgealpa	 1969	–	gas	piped	to	Adelaide
Eromanga gas	producer 1976	–	Namur 1978	–	Strzelecki	1st	commercial	oil
Georgina gas	flows 1973	–	Ethabuka  
Gippsland gas	producer 1965	–	Barracouta	 1969	–	gas	piped	to	Melbourne
Gunnedah gas	producer 2000	–	Coonarah 2004	–	Wilga	Park	gas–fired	power	station
Maryborough gas	flows 1967	–	Gregory	River CSG	potential
Ngalia gas	flow 1981	–	Davis	
Offshore	Canning gas	flows 1980	–	Phoenix	  
Otway	–	onshore gas	producer 1959	–	Port	Campbell	 1986	–	gas	piped	to	Warrnambool
Otway–	offshore gas	producer 1993	–	Minerva	 2005	–	Minerva	gas	production
Pedirka gas	shows	  CSG	potential
Perth	–	offshore gas	show 1978	–	Houtman–1	  
Perth	–	onshore gas	producer 1964	–	yardarino 1971	–	Dongara	production
Surat gas	producer 1900	–	Hospital	Hill 1969	–	gas	piped	to	Brisbane
Sydney gas	shows	 1956	–	Camden CSG	production	
Tasmania gas	shows	 1920	–	Bruny	Island CSG,	shale	gas	potential?
source: Geoscience	Australia































































Flows in well tests
Shows in wells
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Production PJ 8505 6.7
tcf 7.7 -









Share	of	total % 36.8 -












	 conventional	gas 353 -2.2
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Table 4.22 Conventional	gas	projects	at	a	less	advanced	stage	of	development,	as	of	October	2009
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EIS	under	way na na $600	m
source: ABARE	2009c
Table 4.26 Gas-fired	power	stations	at	an	advanced	stage	of	development,	as	of	October	2009





































early	2010 630	MW $951	m	 
(inc	pipeline)
source: ABARE	2009e
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Table 4.27 Gas-fired	power	stations	at	a	less	advanced	stage	of	development,	as	of	October	2009
Project Company Location status expected 
startup
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Project Company Location status expected 
startup































































































































































AUSTRALIAN ENERGY RESOURCE ASSESSMENT
128
Table 4.29 CSG-based	LNG	projects	at	various	stages	of	development,	as	of	October	2009
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Black coal mineral deposit
Brown coal mineral deposit
Black coal operating mine

























































































Peat Brown Coal Sub Bituminous Bituminous
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Reserves Mt - 76	400 352	095 826	001
Share	of	world  % - 9.2 42.6 100
World	ranking No - 4 - -
Production (Raw Coal) PJ 9431 9691 - -
Mt 487 497 2127 6666
Share	of	world  % - 7.4 31.9 100
World	ranking No - 4 - -
Annual	growth	in	production	2000-08  % - 3.3 0.7 5.2
Primary energy consumption PJ 2292 2309 47	461 133	215a
Mt 135 136 2329 6767a
Share	of	world  % - 2.0 34.4 100
World	ranking No - 10 - -
Share	of	primary	energy	consumption 40 - 21 26a
Annual	growth	in	consumption	2000–08  % - 1.6 0.7 4.8
electricity generation
Electricity	output TWh - 202 3947 8216a
	 Share	of	total  % - 76 33 42a
exports Mt 252 261 385 939
Thermal	coal Mt 115 126 175 704
	 Share	of	world  % - 18 25 100
	 World	ranking No - 2 - -
	 Export	value A$b 8.4 14.4 - -
Metallurgical	coal Mt 137 135 210 235
	 Share	of	world  % - 57 89 100
	 World	ranking No - 1 - -
	 Export	value A$b 24.4 32.3 - -
a 2007 
source: ABARE	2009a,	b;	IEA	2009a,	b
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capacity. Table 5.4 IEA	world	outlook	for	coal	electricity	
generation,	reference	case
unit 2007 2030




Average	annual	growth % 	-	 0.3	




Average	annual	growth % 	-	 4.2	































OECD EuropeFormer Soviet Union
Africa
Non-OECD Europe











OeCD PJ 48	483 46	180
Share	of	total % 36.4	 22.6	
Average	annual	growth % 	-	 -0.2	
Non-OeCD PJ 84	825 158	429
Share	of	total % 63.6	 77.4	
Average	annual	growth % 	-	 2.8	
World PJ 133	308 204	609
Share	of	total % 100.0	 100.0	
Average	annual	growth % 	-	 1.9	
source: IEA	2009c
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Recoverable Resources Black Coal (mt) Black Coal (PJ)a JORC Reserves (mt)
Economic 39	200 883	400 13	400
Sub-economic 8	300 163	100 -
Inferred 66	600 1	468	900 -
Black Coal Total 114 100 2 515 400 13 400
Brown Coal (mt) Brown Coal (PJ) JORC Reservesb (mt)
Economic 37	200 362	000 4800
Sub-economic 55	100 534	300
Inferred 101	800 990	300
Brown Coal Total 194 000 1 886 600 4800







































b) Australian black coal total identified
resources (114 100 Mt)





































b) Australian black coal total identified
resources (114 100 Mt)





































b) Australian black coal total identified
resources (114 100 Mt)
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Category Basin mt PJ
EDR Sydney 13	800 315	500
EDR Bowen 13	400 322	100




EDR Galilee 1700 33	300
EDR	 Other 5400 107	900
Total eDR 39 200 883 400
SDR Sydney 3000 67	700
SDR Bowen 500 12	100
SDR Ipswich 340 7600
SDR Collie 300 5800
SDR	 Arckaringa 3800 63	200
SDR Other 360 6700
Total sDR 8300 163 100
INF Sydney 12	600 286	600
INF Bowen 10	600 253	400
INF Galilee 4500 89	700
INF Gunnedah 17	700 461	300
INF Arckaringa 13	900 233	400
INF Other 7300 144	500
Total INF 66 600 1 468 900



































































































































































Category Basin mt PJ
EDR Gippsland 36	800 356	900
EDR Otway 400 5100
EDR Murray 0 0
EDR	 Other 0 0
Total eDR 37 200 362 000
SDR Gippsland 47	600 462	000
SDR Otway 800 8900
SDR Murray 3500 34	500
SDR Other 3200 28	900	
Total sDR 55 100 534 300
INF Gippsland 76	400 740	900
INF Otway 7300 76	700
INF Murray 15	300 148	400
INF Other 2800 24	300
Total INF 101 800 990 300
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Table 5.9 Coal	infrastructure	projects	recently	completed,	as	at	October	2009
Project Location start up Capacity increase Capital 
expenditure
Abbot	Point	Coal	Terminal	X21	expansion Qld 2007 6	Mtpa	(new	capacity	21	Mtpa) $116	m
Blackwater	to	Burngrove	duplication	(rail) Qld 2007 na $43	m
Bluff	to	Blackwater	Duplication	(rail) Qld 2007 na $58.5	m
Hay	Point	Coal	Terminal	Phase	2 Qld 2007 4	Mtpa	(new	capacity	44	Mtpa) $70	m
Kooragang	Island	Coal	Terminal NSW 2007 16	Mtpa	(new	capacity	80	Mtpa) $170	m
Broadlea	to	Wotonga	duplication	(rail) Qld 2008 na $70	m
Callemondah	to	RG	Tanna	(rail) Qld 2008 na $40	m
Dalyrmple	Bay	Coal	Terminal	7X	expansion	
Phase	1	
Qld 2008 8	Mtpa	(new	capacity	68	Mtpa) $530	m
RG	Tanna	Coal	Terminal	expansion Qld 2008 28	Mtpa	(new	capacity	68	Mtpa) $800	m
Abbot	Point	Coal	Terminal	X25	expansion Qld 2009 na $95	m
Dalrymple	Bay	Coal	Terminal	7X	expansion	
project	Phase	2/3
Qld 2009 17	Mtpa	(new	capacity	85	Mtpa) $679	m
Grantleigh	to	Tunnel	(rail) Qld 2009 na $49	m
Jilalan	Rail	Yard	Upgrade Qld 2009 na $500	m
Stanwell	-Wycarbah	upgrade	(rail) Qld 2009 na $72	m
Vermont	Rail	Spur	and	Balloon	Loop Qld 2009 na $70	m
source: ABARE	2009e
Table 5.8 Coal	mining	projects	recently	completed,	as	at	October	2009
Project Location start up Capacity Capital 
expenditure
Lake	Lindsay Qld 2009 4	Mt	coking	and	thermal US$726	m
Abel	underground NSW 2008 4.5	Mt	ROM	semi-soft	coking	and	thermal $84	m
Dawson	project Qld 2008 5.7	Mt	coking	and	thermal $1.1	b
Glendell	opencut NSW 2008 2	Mt	thermal $123	m
Rocglen	(Belmont)	opencut NSW 2008 1.5	Mt	thermal $35	m
Sonoma	coal	project Qld 2008 1.8	Mt	coking	and	0.2	Mt	thermal $200	m
Vermont	Coal	Project Qld 2008 4	Mt	coking $264	m
Ashton	longwall NSW 2007 3	Mt	coking	and	thermal $150	m
Boggabri	opencut NSW 2007 1.5	Mt	thermal $35	m
Curragh	North Qld 2007 2.4	Mt	coking $360	m
Ensham	Central Qld 2007 3	Mt	thermal $100	m
Isaac	Plains Qld 2007 1.6	Mt	coking $66	m
Kogan	Creek	opencut Qld 2007 2.8	Mt	thermal $80	m
New	Acland	opencut Qld 2007 1.5	Mt	thermal $60	m
Newpac	longwall NSW 2007 4	Mt	coking $75	m
North	Wambo	longwall NSW 2007 3	Mt	thermal	 $101	m
Poitrel Qld 2007 3	Mt	coking $330	m
Wilkie	Creek Qld 2007 0.6	Mt	thermal $15	m
Tarawonga	opencut NSW 2007 1.3	Mt	thermal $38	m
Wilpinjong	opencut NSW 2007 3	Mt	thermal $123	m
source: ABARE	2009e
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New low emissions coal technologies – key 





































































































25 30 35 40 45 50 55 60
Thermal efficiency (%)
Brown coal pulverised fuel
Black coal pulverised fuel
Brown coal integrated drying
Gasification combined cycle
Black coal integrated gasification
Combined cycle




CHAPTER 5:  COAL














































































































































































































CHAPTER 5:  COAL

































































































Figure 5.32  The	carbon	dioxide	capture,	transport,	
injection	and	storage	process
source: CO2CRC	(www.co2crc.com.au)
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Figure 5.34 Microscope	image	of	a	cap	rock	–	 
an	impermeable	mudstone
source: Daniel	2006
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•	 Commonwealth CCs Legislation. The Offshore 






























Other coal conversion technologies
Coal	can	also	be	converted	into	other	synthetic	
fuels,	including	liquid	fuels	that	can	be	used	as	
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BOx 5.5 COAL	CONVERSION	TECHNOLOGIES
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Table 5.11 Coal	mines	at	an	advanced	stage	of	development,	as	at	October	2009
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Table 5.12 Coal	mines	at	a	less	advanced	stage	of	development,	as	at	October	2009
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Table 5.14 Coal	infrastructure	at	a	less	advanced	stage	of	development,	as	at	October	2009















































































































































































































CHAPTER 5:  COAL
AUSTRALIAN ENERGY RESOURCE ASSESSMENT
169
Table 5.15 Coal-fired	electricity	projects	at	various	stages	of	development,	as	at	October	2009






















EIS	under	way 2014 416	MW na
Coolimba Aviva	Corporation 20	km	S	of	
Eneabba,	WA





















































































































































































































Project Company Location status start up Capacity Capital 
expenditure
Brown coal 


















K e y  m e s s a g e s
• Australia has the world’s largest Reasonably Assured Resources of uranium and identified 
recoverable thorium resources. 
• Australia is the world’s third largest producer of uranium. At present, there is no thorium production.
• Currently Australia has three uranium mines operating, with two additional operations scheduled 
to begin production in 2010.
• World demand for uranium is projected to increase strongly over the next 20 years as new nuclear 
capacity is commissioned. 
• Australia’s uranium production is forecast to more than double by 2030.
• There are currently no plans for Australia to have a domestic nuclear power industry by 2030. 
• In the longer term there is potential for thorium-fuelled reactors, but currently there are no 
commercial scale thorium-fuelled reactors anywhere in the world.
6.1.1 World uranium and thorium 
resources and market 
•	 Uranium	and	thorium	can	be	used	as	nuclear	
reactor	fuel.	Uranium	is	currently	the	preferred	











and mixed oxide fuels accounted for around 
32	per	cent	of	global	uranium	supply	in	2008.	




accounted for 6.2 per cent of global primary 
energy	consumption	and	14.8	per	cent	of	world	
electricity generation in 2007. 
•	 World	demand	for	uranium	is	projected	to	
increase at 3.7 per cent per year to 2030, 
reflecting the commissioning of new nuclear 
 capacity worldwide. Generation III reactors 
incorporate advanced safety systems and have 
improved fuel technologies; Generation IV 
reactors, currently in research and development, 
will utilise uranium more efficiently, minimise 
waste and be proliferation resistant. 
•	 Thorium	based	fuels	could	be	used	in	some	
existing uranium-fuelled reactors possibly in the 
medium term, but full scale commercial thorium-
fuelled reactors are not likely before 2030.






years at current Australian production levels. 
•	 Australia	has	substantial	potential	for	the	
discovery of new uranium resources. 
•	 New	pre-competitive	data	released	by	 
Geoscience Australia – notably the radiometric 
map of Australia and database – are providing  




Identified Resources of thorium could amount  
to	about	490	kt.	
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•	 There	is	currently	no	exploration	specifically	
focused on thorium. All of the information 
available on thorium resources has been 
generated by exploration and mining activities 
aimed principally at other mineral commodities.
6.1.3 Key factors in utilising Australia’s 
uranium and thorium resources 
•	 There	is	renewed	interest	worldwide	in	nuclear	
power and hence demand for uranium is 
expected to increase.
•	 Successful	exploration	and	development	of	
uranium deposits is dependent on several 
factors including state government policy, prices, 
production costs, ability to demonstrate best 
practice environmental and safety standards, 
and community acceptance of uranium 
development. 
•	 Limited	commercially	viable	transport	options	 
and restriction of access to two ports may  
limit expansion of Australian uranium exports.  
A reduced number of shipping firms and routes 
that accept uranium may result in further delays 
and costs.
•	 Global	demand	for	thorium	is	dependent	upon	
the development of widespread commercial scale 
thorium-fuelled reactors for electricity generation. 
•	 There	has	been	renewed	interest	in	development	
of thorium-fuelled reactors. This is partly because 
of greater abundance of thorium resources in 
some countries, greater resistance to nuclear 
weapons proliferation, and a substantial reduction 
in radioactive waste generated. 






























Thorium 12 600 t
MURRAY BASIN
Heavy Mineral Sand deposits
Thorium 281 900 t
Rare Earth Oxide deposits
Thorium 81 500 t
Rare Earth Oxide deposits
Thorium 35 000 t
Rare Earth Oxide deposits



















Geological regions with U3O8
Up to 1000 tonnes of U3O8
1000 to 10 000 tonnes U3O8
10 000 to 100 000 tonnes U3O8
100 000 to 1 000 000 tonnes U3O8
>1 000 000 tonnes of U3O8
Rare Earth Oxide deposit
Heavy Mineral Sand deposit
Uranium deposit
Operating uranium mine
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enriched uranium is uranium with an enhanced 




power plants, nuclear reactors work by generating 
heat, which boils water to produce steam to 
drive turbines that generate electricity. In nuclear 
reactors, the heat is produced from nuclear fission 
of	U235.	Highly	enriched	uranium	(HEU)	is	enriched	
to	20	per	cent	or	more	U235 and weapons-grade 
HEU	is	enriched	to	over	90	per	cent.
secondary sources arise from the reprocessing 
of	spent	nuclear	fuel,	blended	down	HEU	from	
nuclear weapons, or mixed oxide fuels. Currently, 
secondary sources supply a significant portion of 
uranium demand for nuclear reactors.
Uranium supply chain
A conceptual representation of the Australian 
uranium supply chain is given in figure 6.3. The 
supply	chain	is	divided	into	four	distinct	phases:	
resources exploration; development and production; 
processing, transport and storage; and end use 
markets. Australia’s supply chain concludes with 
the exporting of uranium oxide to countries for 
processing, enrichment and use in nuclear power 
plants. 
Resources exploration
There is a wide variety of geological settings that 
result in the formation of different types of uranium 








million. Australia’s major export destinations are the 
United	States,	Japan	and	France.
•	 Australian	production	of	uranium	oxide	is	
projected to increase by an average 6 per cent 
per	year	to	reach	11	480	PJ	(20.5	kt	U)	by	
2029–30	(figure	6.2).	All	production	is	expected	
to be exported. 
•	 Australian	production	and	subsequent	trade	of	




is well positioned to supply world markets with 
low cost reliable sources of thorium. Currently, 
thorium is being diluted and disposed of at the 
mineral sand mine site, making these resources 
uneconomic to recover in the future.
6.2	Uranium




is widespread at levels of one to four parts per 
million	(ppm)	in	the	Earth’s	crust.	Concentrations	of	
uranium rich minerals, such as uraninite, carnotite and 
brannerite can form economically recoverable deposits. 
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methods to locate and delineate potential uranium 
deposits. A deposit is systematically drilled and 
assayed	to	quantify	the	grade	and	tonnage	of	the	
deposit. The different types of deposits have a wide 





previously mined uranium, but currently has a policy 
of	no	uranium	mining.	In	late	2008,	Western	Australia	
removed its six year ban on uranium mining, which has 
resulted in renewed investment in uranium projects. 
Development and production
Once	a	resource	has	been	quantified,	a	company	
makes a decision on whether to proceed with 
development based on underlying market conditions, 
including commodity prices and the ability to finance 
the project. If a decision to proceed with the project 
is made, construction of a mine site and processing 
facilities begins after approval by Australian and 
state/territory	governments.	
In Australia, uranium is recovered using both 
conventional	and	ISR	mining	techniques.	Most	of	
Australia’s uranium production is from conventional
(open	cut	or	underground)	mining	techniques,	
followed by milling and metallurgical processing. 
There is currently only one ISR mine, but several 
more are expected to begin production in the short 
term. ISR mining is widely used in Kazakhstan and 
United	States	and	accounts	for	about	28	per	cent	of	
global uranium mine production. The process involves 
recovering uranium without removing the ore body 
from	the	ground.	Uranium	is	extracted	by	means	of	
an acid or alkaline solution which is pumped down 
injection wells into the permeable mineralised zone 
to remobilise uranium from the ore body. The uranium 
bearing solution is pumped to the surface and 
recovered in a processing plant. 
Processing, transport and storage




the uranium-bearing solution is pumped to a 

























 are encased 
in metal tubes to form fuel rods used in the nuclear 
reactor. Typically, one tonne of uranium will produce  
44	gigawatt	hours	of	electricity	(WNA	2009a).	
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Each	stage	of	the	fuel	cycle	produces	some	
radioactive waste, which is disposed of using proven 
technologies. International conventions such as the 
Joint Convention on Nuclear Safety and the Joint 
Convention on the Safety of Spent Fuel Management 
and on the Safety of Radioactive Waste Management, 
assert that the ultimate responsibility for ensuring 
the safety of spent fuel and radioactive waste 
management rests with the state.
In the Australian uranium supply chain, uranium 
mining generates tailings, the radioactivity of which 
is low and is managed by disposal in site-specific 
engineered tailings dams. The Australian regulatory 
regime	requires	mines	to	be	approved	subject	to	best	
practice environmental and safety standards.
with Australia and, in the case of non-nuclear weapon 
states,	have	an	Additional	Protocol,	which	ensures	
the	International	Atomic	Energy	Agency	(IAEA)	has	
access to and inspection rights in the recipient 
country.	These	requirements	apply	also	to	third	
party states that may be involved in processing and 
transhipment of the material.
Australian uranium producers sell most of their 
production through long term contracts. Only a small 




O8 is exported through the Adelaide 
and	Darwin	container	ports	only.	The	U
3
O8 is shipped 
to international end use markets, either directly 
or through countries which convert and enrich the 
U
3
O8 and fabricate fuel. The uranium fuel is used in 
civilian nuclear power reactors to generate electricity, 
and in the manufacture of radioisotopes for medical 
applications. 
World uranium market
Table 6.1 provides a snapshot of the Australian 
uranium market in a global context. Australia has the 
world’s largest uranium resources and is the third 





estimates are for recoverable uranium, which 
deducts	losses	due	to	mining	and	milling.	Uranium	
recoverable	at	less	than	US$80/kg	U	is	considered	
to be economic at current market prices. 
Figure 6.4 Typical	annual	quantity	of	uranium	required	
for	a	1000	MWe	nuclear	reactor





















oxide (U O  )
End use market
Australia does not have a domestic nuclear power 
industry; all of Australia’s uranium production is 
exported.	Australia	has	stringent	requirements	for	the	
supply of uranium and nuclear material derived from 
it. Receiving states must be a party to and comply 
with	the	Treaty	on	the	Non-Proliferation	of	Nuclear	
Weapons, have a bilateral safeguards agreement
Table 6.1 Key	uranium	statistics,	2008
unit australia OeCDb World
Resourcesa PJ 651	280 902	720 1 706 320
kt	U 1163 1612 3047
Share of world % 38.2 52.9 100.0
World ranking no. 1 - -
Production PJ 4760 10	696 24	584
kt	U 8.5 19.1 43.9
Share of world % 19.2 43.6 100.0
World ranking no. 3 - -
Annual	average	growth	of	production	2000–08 % 1.4 -1.0 2.8
Consumptionc PJ	 0 30	408 36 176
kt	U 0 54.3 64.6
Annual	average	growth	of	consumption	2000–08 % - 0.1 1.5
Nuclear	share	of	primary	energy	consumption % 0 10.9 6.2d
Nuclear	share	of	electricity	generation % 0 21.2 14.8d
a Reasonably	assured	resources	recoverable	at	<US$80/kg	U.	Data	for	Australia	compiled	by	Geoscience	Australia	and	estimates	for	other	
countries	are	from	OECD/NEA-IAEA.	b	ABARE	estimates.	c Amount of uranium used in nuclear power plants. d 2007 data 
source:	OECD/NEA-IAEA	2008,	Geoscience	Australia	2009,	WNA	2009b,	IEA	2009,	ABARE	2009a



















































































through to 2007. Kazakhstan production has 
increased	rapidly	in	recent	years	and	in	2008	its	




(RaR & Inferred) 
<Us$80/kg U
Reasonably assured Resources  
(RaR) 
<Us$80/kg U
kt U share of world % kt U share of world %
Australia 1612.7 33.2 1163.3 38.2
Kazakhstan 751.6 15.5 344.2 11.3
Russian	Federation 495.4 10.2 172.4 5.7
Canada 423.2 8.7	 329.2 10.8
South Africa 343.2 7.1 205.9 6.7
Brazil 231.0 4.8 157.4 5.2
Namibia 230.3 4.7 145.1 4.8
Ukraine 184.1 3.8	 126.5 4.1
Jordan 111.8 2.3 44.0 1.4
United	States 99.0 2.0 99.0 3.3
Uzbekistan 86.2 1.8	 55.2 1.8
Other 284.6 5.9 205.1 6.7
Total 4853.1 100.0 3047.3 100
source: Data	for	Australia	compiled	by	Geoscience	Australia	and	estimates	for	other	countries	are	from	OECD/NEA-IAEA.	Figures	are	rounded	
to the nearest 100 tonnes
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uranium production has increased steadily, reflecting 






purposes has exceeded mine production, with the 
shortfall met from secondary supply sources. 





the largest source currently is from military stockpiles 
of	HEU,	which	are	being	progressively	reduced	under	
the terms of a number of international agreements, 
such	as	the	United	States-Russian	Federation	HEU	
purchase	agreement	and	the	HEU	feed	deal.		The	
terms of these agreements will be complete after 
2013,	at	which	time	there	will	be	a	consequent	sharp	




case which incorporates these factors, and assumes 
also no net changes in inventories and broadly 
constant supplies from government stocks over the 
World	uranium	production	peaked	at	39	032	PJ	 
(69.7	kt	U)	in	1980,	reflecting	strong	demand	
for uranium in non-energy uses and increasing 
penetration	of	nuclear	power	(figure	6.6).	At	peak	
production, the largest uranium producers were the 
former	Soviet	Union,	United	States,	Canada	and	East	
Germany.	Since	1980,	production	in	most	of	these	
countries has declined as a result of secondary 
sources entering the market, driving down prices and 
increasing competition and pressure on high cost 



















































Figure 6.7 World uranium production and consumption 
for energy purposes 
source: OECD/NEA-IAEA	2006,	2008,	WNA	2009b,	2009c






























Figure 6.8 Sources of secondary supply in the world 
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produce medical and industrial isotopes. The nuclear 
power	industry	requirements	dominate.	
Between	1971	and	2008,	uranium	consumption	
for energy purposes grew by an average 4 per cent 
per	year	to	36	176	PJ,	or	6	per	cent	of	the	world’s	
primary	energy	consumption	(IEA	2009).	In	2008,	the	
largest consumers of uranium for power generation 
were	the	United	States,	France	and	Japan	(figure	
6.9).	During	the	1990s	growth	in	uranium	demand	
slowed as fewer reactors were built compared with the 
previous	two	decades.	However,	an	increased	focus	
on energy diversification and the need to reduce global 
greenhouse	gas	(especially	carbon	dioxide)	emissions	
in recent years has stimulated renewed interest in 
nuclear power as a proven base load power source 
and low emission technology. 
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Key growth markets for nuclear power are projected 
to be developing economies, where electricity 
consumption will increase significantly over the 
next 20 years. Countries with the largest growth in 
nuclear power capacity are expected to be China 
and India where growing energy demand and 
favourable nuclear power policies are expected to 
drive	growth.	Nevertheless,	growth	in	non-OECD	
Europe,	Eurasia	and	North	America	are	also	likely	to	
play a role in increasing nuclear power production as 
these economies maintain nuclear power electricity 
generation in their energy portfolios.
Strong projected growth in nuclear power generation 




consumption is projected to increase by an average 
3.7	per	cent	per	year	to	reach	104	kt	U	(58	240	PJ)	
by	2030.	Non-OECD	Asian	economies	are	projected	
to account for most of this growth, mainly reflecting 
expansions to generating capacity in China and India. 
There is considerable uncertainty surrounding 
world economic growth, energy security, adoption of 
greenhouse gas emission reduction targets, relative
Trade
With the exception of Canada, uranium production is 
focused in countries without significant enrichment 




O8 is common, although information on 
world trade is often not publicly available due to 






largest exporters of uranium were likely to have been 
Australia,	Kazakhstan,	Canada,	Namibia	and	Niger.	
World outlook for the uranium market to 2030
According	to	projections	from	the	Energy	Information	
Administration	(EIA),	world	electricity	generation	from	
nuclear power is expected to increase by at least 
45	per	cent	to	3844	TWh	or	13	838	PJ	by	2030	(table	
6.3;	EIA	2009a).	Growth	in	nuclear	power	is	driven	by	
concerns over increasing demand for electricity, rising 
fossil fuel prices, energy security, and greenhouse gas 
emissions. Despite this growth, the share of nuclear 







2006 2010 2020 2030
OeCD
North America 891 928 992 1053
				United	States 787 809 862 907
    Canada 93 108 120 135
				Mexico 10 11 11 11
Europe 929 922 905 902
Asia 430 441 546 624
				Japan 288 299 336 381
    The Republic of Korea 141 142 210 243
				Australia/New	Zealand 0 0 0 0
Total OeCD 2250 2291 2443 2579
Non-OeCD
Europe and Eurasia 269 283 424 519
				Russian	Federation 144 155 251 328
    Other 124 128 173 191
Asia 111 151 455 678
    China 55 65 274 425
    India 16 37 104 149
    Other Asia 40 48 77 104
Other 31 37 62 68
Total Non-OeCD 411 471 941 1266
Total World 2660 2761 3385 3844
source: EIA	2009a
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Olympic Dam in South Australia is the world’s largest 
known	uranium	deposit.	In	September	2009,	
BHP	Billiton	released	its	annual	report	stating	
improvements in metallurgical recovery for uranium 
and revising ore reserves and mineral resources. 
Reported ore reserves at Olympic Dam have increased 
by 22 per cent and total mineral resources have 
increased	by	5	per	cent.	The	deposit	has	not	yet	




The location of Australia’s uranium deposits and the 
relative	size	of	resources	is	shown	in	Figure	6.11.
The majority of Australia’s uranium resources occur in 
four types of deposits which vary significantly in both 
tonnage	and	grade:
Hematite breccia complex deposits contain about 
65	per	cent	of	Australia’s	total	uranium	resources	
and all of these resources are at Olympic Dam  
(South	Australia).	
Unconformity-related deposits account for about 
20 per cent of Australia’s total resources. These 




have the highest average grades overall but show a 
very wide range in size.
Sandstone deposits account for about 7 per cent 











grade. The world class Yeelirrie deposit is the largest 
deposit of this type. Other calcrete deposits include 
Lake	Way,	Lake	Maitland	and	Centipede	(Western	
Australia).
Other types of uranium deposits in Australia include 
metasomatite	deposits	(Valhalla,	Skal	and	Anderson’s	
costs of generating technologies and changes in 
policy relating to nuclear power. All present risks  
to the consumption projections in figure 6.10.  
In particular, there is potential for nuclear power, 
and thus demand for uranium, to grow faster than 
projected if the introduction of policies such as 
emissions reduction targets reduce demand for  
coal before alternative low emission energy  
sources become economic. 
























6.2.2 Australia’s uranium resources  
and market
Uranium resources














recoverable in range 
Us$ 80 – 130/kg U
Reasonably	Assured	Resources	(RAR) kt 1163 13 
Inferred Resources kt 449 48
Total Identified Resources kt 1612 61
source: Geoscience	Australia	2009
CHAPTER 6:  URANIUM AND THORIUM
AUSTRALIAN ENERGY RESOURCE ASSESSMENT
181
because of the state government’s policy banning 
uranium	mining.	In	the	Northern	Territory,	the	Jabiluka	
and Koongarra deposits are currently classified as 
inaccessible resources, as approval from Traditional 
Owners	is	required	before	these	deposits	can	be	
developed. 
There are several major undeveloped deposits that 
may be developed if proven economically feasible 
and	all	necessary	approvals	are	granted.	Table	6.5	
summarises the total ore reserves and mineral 
resources of the main undeveloped deposits as 
reported by resources companies.
Uranium market
Production




Beverley ISR mine in South Australia. In addition, 








The major uranium ore minerals are uraninite 
and pitchblende, though a range of other uranium 
minerals are found in particular deposits. The total 
initial size of Australian deposits as uranium oxide 
grade and ore tonnage is plotted in figure 6.12. 
Whether a deposit has potential for development 
depends on several factors including the relative 
tonnage	to	grade,	for	example,	the	Nabarlek	mine	
(Northern	Territory)	was	high	grade,	but	relative	low	
tonnage. In contrast, the Olympic Dam deposit has a 
very large tonnage but the uranium grade is relatively 
low. Although the uranium grade is low, Olympic Dam 
is a major copper and gold producer which offsets 
the cost of mining uranium. 
Some	9	per	cent	of	Australia’s	RAR	are	classified	
as inaccessible for mining. All uranium deposits in 
Queensland	are	classified	as	inaccessible	resources


































Olympic Dam resources are very
large and the circle for this deposit
is shown smaller than proportional size.
>1 000 000
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Figure 6.12 Australian	mines	and	deposits	(total	resources,	including	past	production	and	current	remaining) 































Note: Ore reserves and mineral resources are company estimates 
source: Geoscience Australia
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contributed to higher production over this period.  
The addition of a radiometric sorter and laterite 
processing	plant	in	2008	and	2009	respectively	 
will support higher production at the Ranger operation  
in the future. 
Consumption
Australia does not consume any of its locally 




reactor provides medical isotopes for nuclear 
medicine and treatment, scientific research and 
irradiation	of	industrial	materials.	In	2008,	Australia’s	




countries within its network of bilateral safeguards 
agreements, which ensure that it is used only 
for peaceful purposes and does not enhance or 
contribute to any military applications. 
In	2008,	Australia	was	the	world’s	third	largest	
uranium	producer,	accounting	for	19	per	cent	 
of world production. Australia produced around 
4872	PJ	(8.7	kt	U)	in	2008–09	from	three	operating	
mines.	Ranger	accounted	for	54	per	cent	of	
Australian mine production while Olympic Dam 
produced 40 per cent and the Beverley operation 










uranium purchasing agency. These mines were closed 
after fulfilling their contracts. 
Increasing	prices	in	the	early	1970s	as	a	result	of	






mine production increased strongly until the mid 
1980s	when	both	Nabarlek	and	Mary	Kathleen	mines	
were closed. The Olympic Dam operation, a major 
new mine in South Australia, commenced production 
in	1988,	and	offset	some	of	the	mine	closures.	
However,	reduced	demand	for	uranium	as	a	result	of	
increased availability of secondary supplies resulted 
in Australia’s uranium production declining until the 
mid-1990s.	
Australian uranium production has expanded 
strongly over the past 10 years as producers have 
responded to growing export demand. South Australia 
has contributed to most of this growth, reflecting 
the	expansion	at	Olympic	Dam	in	1999	and	the	
development of the Beverley mine in 2001. Capital 
expenditure	on	the	Beverley	mine	was	A$30	million;	 
it	has	a	capacity	of	1	kt	U3O8	per	year.	The	1999	































Figure 6.13 Australian uranium production, by state
source: ABARE	2009c
Table 6.6 Recent developments at current Australian mines












Olympic	Dam	1999	expansion	 BHP	Billiton SA 1999 4.3 1940*
Beverley ISR mine Heathgate	Resources SA 2001 1.0 30
Ranger radiometric sorting plant Energy	Resources	of	Australia NT 2008 1.1 19
Ranger laterite plant Energy	Resources	of	Australia NT 2009 0.4 44
*Capital expenditure covers total expansion of copper-gold-uranium-silver mining
source: ABARE	







































Figure 6.14 Australia’s uranium supply-demand balance
source: ABARE	20009b
Figure 6.15 Australia’s exports of uranium
source: ABARE	2009c
Australian mining companies supply uranium 
under long-term contracts to electricity utilities 
in	United	States,	Japan,	China,	the	Republic	of	







exports contain sufficient energy to generate more 






export volumes. The value of Australia’s uranium 






uranium producers sell most of their production 
through these long term contracts. Only a small 
amount of Australian uranium is sold on the world 
spot	market.	Historically,	secure	contract	prices	
have	been	negotiated	for	long	time	periods.	More	
recently an industry trend of indexing contract 
prices to spot prices has emerged, although most 
of Australia’s current long term contracts do not 
have these provisions.
As most trade is conducted through long term 
contracts,	the	uranium	spot	market	is	illiquid	(small	
number	of	buyers	and	sellers)	which	can	lead	to	
volatility in prices. Reflecting this, the average 
export price for Australian uranium producers has 
been considerably less volatile than the spot price 
in	recent	years	(figure	6.16).	In	late	2008,	the	spot	
price was also influenced by the development of a 
futures market resulting in speculative purchases of 
uranium by investment companies. 
In the future, it is likely that an increasing number 
of Australian producers will sell their production on 
the spot market, reflecting the small size of many 
of the planned uranium operations. If this occurs, 
Australian uranium producers may be exposed to 
increased volatility in export earnings. It is also 
possible that future long term contracts may  
be linked to spot prices, further contributing to 
income volatility.
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enrichment and fuel fabrication could add a further 
A$1.8	billion	of	value	annually	if	Australian	uranium	
was processed domestically’. The report noted 
however that there were commercial, technology  
and regulatory impediments to downstream 
processing.
The report also considered issues associated 
with the potential development of nuclear power 
in Australia and concluded that even if the current 
legislative impediments were removed it would be 
at	least	10	years	and	most	likely	15	years	before	
nuclear electricity could be delivered. By then, 
Generation IV reactors, which use uranium more 
efficiently, result in less waste and are less conducive 
to nuclear weapon proliferation, are likely to be the 
industry standard.
World demand for uranium as a nuclear fuel is 
expected to continue to grow with the expansion 





generation provided by nuclear power,
•	 Increased	demand	for	new	reactors	that	provide	
greater security and safety, generate less 
radioactive waste and are more resistant to 
nuclear weapon proliferation, and
•	 Conversely,	increased	efficiency	of	these	reactors,	
which may constrain the expected growth in 
uranium demand through more efficient use 
of uranium and the ability to use reprocessed 
nuclear fuel.
6.2.3 Outlook to 2030 for Australia’s 
resources and market
The outlook to 2030 is based on Australia continuing 
to be a major producer and exporter of uranium as 
nuclear fuel to world markets. There are no plans for 
Australia to have a commercial nuclear power industry 
or enrichment facilities; all of Australia’s uranium 
production will continue to be exported. There is 
renewed interest worldwide in nuclear power. Demand 
for reliable supplies of uranium will therefore grow to 
meet the continued expansion of electricity generation 
from nuclear power.
Australia has the largest uranium resources in 
the world. There are several significant known 
but undeveloped deposits, and there is a strong 
likelihood of new resource discoveries from the 
exploration of prospective areas currently under way.
In the medium to long term, Australia’s production 
of uranium is expected to increase significantly, 
reflecting Australia’s large low cost uranium 
resources, proposed new mines and increasing 
export demand. 
Australia’s uranium production is projected to more 
than	double	from	4872	PJ	(8.7	kt	U)	in	2008–09	to	
11	760	PJ	(21	kt	U)	by	2029–30.
Key factors influencing the outlook
A report to government on uranium mining, processing 
and	nuclear	energy	in	Australia	(Commonwealth	
of	Australia	2006a)	noted	that	Australia	was	‘well	
positioned to increase production and export 
































Cost pressures have influenced the development 
of	uranium	mines.	In	2007	and	2008,	input	costs	
increased dramatically, reflecting rising costs for 
fuel, labour, power and acid for processing. Recently 
there has been some indication that cost pressures 
have eased in the mining sector following the global 
economic downturn, with the price of major inputs 
declining.	However,	this	fall	may	be	only	short-lived,	
with cost pressures likely to return once demand for 
energy and mineral commodities returns.
A further factor which may increase the cost of 
developing a mine is the site itself – the more remote 
and difficult the location, the higher the infrastructure 
costs	(Schodde	and	Trench	2009).
In general, the next generation of uranium 
development projects worldwide will be lower average 
grade and of smaller deposit size than the currently 
operating	mines.	Many	existing	mining	operations	
are planning expansions, which may result in new 
development projects being deferred until mines 
close	or	demand	grows	significantly.	Expansions	of	
existing mines are generally less capital intensive 
than greenfield projects. 
Over the past decade, growth in new uranium mines 
has been slow and concentrated in a small number  
of	countries,	mainly	Kazakhstan,	Namibia	and	Niger.	
Of the seven major mines developed since 2006,  
five	were	ISR	developments	(table	6.8).	
ISR mines tend to be smaller with a limited surface 
disturbance, hence capital costs are lower than 
conventional mines reflecting reduced infrastructure 
requirements.	However,	ISR	is	only	suitable	for	
deposits in sandstones which are water saturated 
and in which the mining solutions can be contained. 
It is estimated sandstone hosted uranium deposits 
account for approximately 20 per cent of world 
uranium resources and 7 per cent of Australia’s total 
uranium	resources	(OECD/NEA	and	IAEA	2008).	
As a reliable and secure supplier of uranium to 
the world market, Australia is well placed to meet 
a significant proportion of any increased demand 
for uranium for use as an energy resource. Any 
expansion of Australian uranium production and 
exports to meet this demand will be influenced by 
several factors, including; 
•	 significant	potential	for	new	uranium	discoveries,	
•	 undeveloped	deposits	that	are	capable	of	being	





Cost competitiveness – increased global competition
Australia is well placed to make a greater contribution 
to meeting the projected increase in global demand 
for uranium because of its large low cost uranium 
resources and the potential to develop projects at the 
lower portion of the cost curve. Australia is a reliable 
supplier of uranium, which is of strategic importance 
to utilities.
The capital costs vary with mining method. In general, 
ISR operations are lowest cost, with underground and 
open pit mines being more expensive per tonne of 
uranium	produced.	For	an	operation	of	comparable	
size, open cut mining may be less capital intensive 
than	underground	mining.	However,	large	scale	bulk	
underground operations that achieve economies of 
scale can be comparable to open cut operations. 
Conventional open cut and underground mining is the 
most	common	extraction	technique	in	the	uranium	
industry, accounting for around 72 per cent of world 
uranium production, with ISR accounting for the 
remaining	28	per	cent	(WNA	2009b).	
The differences in cost are dependent in part on ore 
grade	and	type,	infrastructure	requirements,	and	





a relatively simple acid leach metallurgy process with 
Table 6.8 Uranium	projects	completed	recently	worldwide




















Kayelekera Malawi Open cut 2009 1.65 167 101 212
Irkol Kazakhstan ISR 2009 0.88 - -
Kharasan	(1	&	2) Kazakhstan ISR 2009 5.9 430 72	931
West	Mynkuduk Kazakhstan ISR 2008 1.18 - -
Moinkum	(Muyunkum) Kazakhstan ISR 2006 0.59 90 152	542
Langer	Heinrich Namibia Open cut 2006 1.18 120 101	781
Zarechnoye Kazakhstan ISR 2006 1.18 60 50	891
Note: ISR = in situ recovery. Capacity is the nominal target production capacity
source: WNA	Country	briefs
CHAPTER 6:  URANIUM AND THORIUM
AUSTRALIAN ENERGY RESOURCE ASSESSMENT
187
According	to	Euratom,	reprocessing	is	an	attractive	
option, both environmentally and economically 
(Euratom	Supply	Agency	2009).	Euratom	considers	
that the process not only provides secondary supply 
(referred	to	as	reprocessed	uranium,	or	RepU)	but	also	
reduces the volume, and level of radioactivity of high-
level waste material. It also reduces the possibility of 
plutonium being diverted from civilian use. Technically, 
at least, recovered uranium and plutonium can be 
recycled as fresh fuel, with a potential saving of up 
to 30 per cent of the natural uranium that would 
otherwise be used.
Almost	90	kt	(of	the	290	kt	discharged)	of	used	
fuel from commercial power reactors has been 
reprocessed. There are reprocessing plants in 
France,	Japan,	the	Russian	Federation	and	the	United	
Kingdom. Annual reprocessing capacity is now some  
4	kt	per	year	for	normal	oxide	fuels.	Between	2009	
and 2030 around 400 kt of used fuel is expected 
to be generated worldwide, which is a potential 
secondary	source	(WNA	2009e).





under construction in several countries including 
China, India, the Republic of Korea and the Russian 
Federation.	Over	135	reactors	are	planned	with	
approvals, funding or firm commitments in place; 
they are expected to be in advanced stages of 
construction, if not operating, within eight years. 
There	are	295	further	reactors	proposed	in	over	30	
countries. These proposals are expected to result in 
reactors	in	operation	within	15	years	(WNA	2009f).	
Altogether,	there	are	about	483	reactors	under	
construction, planned or proposed.
The nuclear power industry has been developing 
and improving reactor technology for more than five 
decades	(box	6.1).	Generation	I	prototype	reactors	
were	developed	in	the	1950s.	Generation	II	reactors	
were developed as commercial reactors in the late 
1960s,	and	are	currently	operating	for	electricity	
generation in most countries with nuclear power. 
Over the last 20 years many of these reactors have 
received extensions of operating licences from 40 
to 60 years. In addition there have been increased 
In Australia, there is one operating ISR mine 
(Beverley)	and	two	ISR	projects	approved	for	
development	(table	6.9).	Capital	costs	per	unit	of	





material will be processed at the nearby Beverley 
operation.	In	contrast,	the	Honeymoon	operation	has	
an	expected	capital	cost	of	A$295	000	per	tonne	of	
capacity, reflecting the additional cost of constructing 
a processing facility. 
The time and cost of the approval process is 
an additional factor in development costs. In 
Australia,	new	and	expanding	uranium	mines	require	
environmental and development approvals prior to 
any development occurring. The approval process 
period for the development of a uranium mine can be 
lengthy and costly if it is not well managed. Companies 
are	required	to	provide	a	detailed	environmental	
assessment for a uranium development proposal, 
which	is	assessed	by	both	Australian	and	state/
territory governments before approval to develop 
is granted. As demonstration of the detail involved 
in	this	process,	BHP	Billiton	recently	released	
an	Environmental	Impact	Statement	(EIS)	for	the	




O8. Reflecting the complexity of the 
expansion and changes to project configuration, the 
EIS	took	the	company	nearly	five	years	to	complete.	





year will take less than five years from discovery to 
production, which reflects, in part, the type of mine 
and the fact that the operation will use pre-existing 
processing facilities at the adjacent Beverley mine.
Secondary supply – continues to fill demand
The	uranium	requirement	for	nuclear	reactors	
is currently met from both mined uranium and 
secondary supply. Secondary supply from blending 
down	highly	enriched	uranium	(HEU)	is	expected	to	
decline	from	2013	(figure	6.8),	but	uranium	from	
reprocessed nuclear fuel may play an important role 
in supplying uranium to met demand.
Table 6.9 Costs of Australian ISR uranium projects














Beverley SA 2000 1.00 58 58	000
Four	Mile* SA 2010 1.36 112 82	400
Honeymoon SA 2010 0.40 118 295	000
* Four	Mile	operation	is	using	the	processing	facilities	at	Beverley
source: ABARE	
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•	 greatly	reducing	amounts	of	high	level	radioactive	
waste compared with current reactors.
Generation IV reactors will have a lower demand 
for uranium due to the more efficient fuel burn and 
will minimise high level waste sent to repositories. 
These nuclear reactors will alter the nature and scale 
of	high	level	radioactive	waste	(HLW)	disposal	by	
substantially reducing the volume of these wastes 
(Commonwealth	of	Australia	2006a).	Less	HLW	




based on assessment of the amount of waste from 
current commercial reactors. This will be modified 
when Generation IV reactors become commercially 
viable and advanced fuel processing is successful.  
It is too early to determine which of the Generation IV 
technologies will be commercially adopted.
Best practice sustainable uranium projects
The Australian Government supports the development 
of uranium deposits in line with world’s best practice 
environmental	and	safety	standards.	New	uranium	




Wales and Victoria have legislated against uranium 
exploration	and	mining.	Queensland	government	policy	
bans the development of uranium mines. 
Uranium	mining	proposals	involve	integrated	
consideration under both the Commonwealth 
Environment	Protection	and	Biodiversity	Conservation	
Act	1999	(EPBC	Act)	and	state/territory	legislation.	
Regulation of all mines in Australia focuses on 
the outcomes to be achieved and is largely the 
responsibility	of	state/territory	authorities.	 
The principles and approaches for all mining 
operating efficiencies and improved maintenance 






generation has increased markedly over the two 
decades despite little increase in installed capacity. 
Generation	III	(and	III+)	reactors	incorporate	improved	
fuel technology, thermal efficiency and passive 




Generation IV reactors are still being designed and 
none have been built to date. The Generation IV 
International	Forum,	representing	13	countries,	 
has selected six reactor technologies which will  







active controls or operational intervention to avoid 
accidents in the event of malfunction;
•	 being	more	resistant	to	diversion	of	materials	for	
weapons proliferation, and secure from terrorist 
attack;
•	 using	the	uranium	fuel	efficiently	by	using	U238 and 
plutonium,	as	well	as	all	the	U235; and using spent 







designs which today account for most nuclear reactors 
operating in the world. Reactors currently under 
construction	are	Generation	II	and	III	(III+)	reactors.	
Generation III reactors have standardised more 
robust design with inherent safety features and 
higher	‘burn-up’	to	maximise	use	of	fuel	and	reduce	
the amount of waste created. The standardised 
design is reducing capital cost and construction time.
Generation IV reactors are currently in research and 
development and are not expected to be available 
for commercial construction before 2030. The goals 
of the Generation IV reactors are improved nuclear 
safety, proliferation resistance, increased fuel 
utilisation, minimised waste and decreased cost to 
build and operate. The six Generation IV systems 
selected	for	R&D	are:	
gas-Cooled Fast Reactor (gFR) – a fast-neutron-
spectrum, helium cooled reactor and closed fuel cycle;
Very-High-Temperature Reactor (VHTR) – a graphite-
moderated, helium cooled reactor with a once-through 
uranium fuel cycle;
supercritical-Water-Cooled Reactor (sCWR) – a high-
temperature, high pressure water cooled reactor;
sodium-Cooled Fast Reactor (sFR) – features a fast-
spectrum, sodium-cooled reactor and a closed fuel 
cycle for efficient conversion of fertile uranium and 
management of actinides;
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Lead-Cooled Fast Reactor (LFR) – features a fast 
spectrum	lead	of	lead/bismuth	eutectic	liquid-metal-
cooled reactor and a closed fuel cycle for efficient 
conversion of fertile uranium and management of 
actinides; and
molten salt Reactor (msR) – uses a circulating 
molten salt fuel mixture with an epithermal-spectrum 
reactor and a full actinide recycle fuel cycle. 
Nuclear reactors in operation
Table 6.10 provides an overview of the types of 
nuclear reactors currently in operation and under 
construction, followed by a summary of the features 





The designs are simpler and cheaper to build than 
other types of nuclear reactor, and they are likely to 
remain the dominant technology for the present.
Pressurised Water Reactors (PWR)
The	PWR	consists	of	a	primary	and	a	secondary	
circuit of water; both circuits are closed systems. 
The	primary	circuit	contains	pressurised	water	(to	
prevent	it	from	boiling)	which	is	heated	to	over	300°C	
as it moves through the reactor core. Once heated, 
water in the primary circuit circulates through heat 
exchangers which boil water in a secondary circuit. 
Steam produced in the secondary circuit drives a 
turbine to produce electricity – the water is then 
condensed and returned to the heat exchangers to 
be	transformed	back	into	steam.	PWR	are	the	most	
common nuclear reactors. There are 264 generating 
units currently in operation with a total capacity of 
243.1	gigawatts	electric	(GWe).
Boiling Water Reactors (BWR)
BWR	utilise	a	similar	method	to	the	PWR	except	that	
a single circuit is used to heat water and produce 
steam to generate electricity. Water in the circuit  
is maintained at a low pressure allowing it to boil  
at	around	285°C.	The	water	is	condensed	and	
returned to the core to be transformed back to 
steam. BWR have a less complicated design and  
are often cheaper to build; however this cost 
advantage is often offset by the increased costs 
incurred as a result of residual radiation on turbines. 
They are the second most common reactor design, 
accounting for around 21 per cent of the world’s  
436 nuclear reactors.  





the core heating a coolant in a primary circuit which  
is then used to boil water in a secondary circuit.  
The	PHWR	differ	from	the	PWR	in	that	heavy	water	
(water	containing	deuterium)	is	used	as	a	coolant.	
The fuel rods are cooled by a flow of heavy water 
under high pressure in the primary cooling circuit.  
The pressure tube design means that the reactor 
can be refuelled progressively without shutting down. 
Forty	four	PHWR	are	currently	in	operation	(around	 
40	per	cent	in	Canada)	with	a	combined	capacity	 
of 22.4 GWe.  
Gas Cooled Reactors (GCR) and  
Advanced Gas-cooled Reactors (AGR)
GCR are considered safer than traditional water 
cooled reactors as the cooling properties of gas do 
not change with temperatures. The GCR use natural 
uranium fuel and the AGR use an enriched uranium 
dioxide fuel. Carbon dioxide is used as coolant which 
circulates	through	the	core,	reaching	650°C	before	




gas cooled reactors have been built since.  
Light water graphite-moderated reactors (LWGR)
The	LWGR	are	Russian-designed,	based	heavily	on	
the BWR. The design operates with enriched uranium 
dioxide fuel at high pressure and uses water as a 
coolant	which	is	allowed	to	boil	at	around	300°C.	 
This design can have a positive feedback problem 
that results in excessive heat being released from  
the	core.	For	this	reason	there	are	no	plans	to	
build	new	LWGRs	beyond	the	one	currently	under	








Boiling Water Reactors 		92 		83.7
Pressurised	Heavy	Water	Reactors   44   22.4
Gas Cooled Reactors 		18 				8.9
Light	Water	Graphite-moderated	
Reactors
  16   11.4
Fast	Breeder	Reactors     2     0.7
Total 436 370.2
Under Construction
Pressurised	Water	Reactors  43 	39.9
Pressurised	Heavy	Water	Reactors    4    1.3
Boiling Water Reactors    3 			3.9
Fast	Breeder	Reactors    2    1.2
Light	Water	Graphite-moderated	
Reactors
   1 			0.9
Total  53  47.2
source: IAEA
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Government and is tracked and accounted for in the 
international nuclear fuel cycle.
Any significant expansion of uranium exports will 
require	improved	access	to	transport	options.	Currently,	
uranium is exported from two ports, Darwin in the 
Northern	Territory	and	Adelaide	in	South	Australia.	
In South Australia, uranium exports through the 
Adelaide port will continue to grow as planned 
projects	such	as	Honeymoon	and	Four	Mile	
commence shipping uranium through this port.  
In	addition,	the	Olympic	Dam	Expansion	plans	to	
export uranium through both Adelaide and Darwin 
container ports with the uranium transported by  
train to both of these destinations. 
Western Australian uranium production is likely to 
commence in the medium term with projects such  
as Yeelirrie and Kintyre potentially entering 
production. Current plans for uranium transport is by 
road to rail heads, loaded onto trains and transported 
to the Darwin or Adelaide ports for export. 
Uranium	oxide	is	classified	as	a	Class	7	Dangerous	
Good which has specific handling and transport 
requirements.	It	is	transported	by	rail,	road	and	sea	in	 
200 litre drums packed in secure shipping containers. 
There are increased international transport constraints 
affecting Class 7 goods, such as the consolidation 
of the international shipping industry and associated 
reduction in scheduled routes, and reduction in ports 
where vessels carrying uranium can call or transit, even 
where this cargo remains on board. The consolidation of 
shipping firms and denial of routes result in increased 
delays and costs to the uranium industry. International 
transport issues, such as denial of shipping, are being 
progressed	through	the	IAEA’s	International	Steering	
Committee on Denial of Shipping. 
Outlook for uranium resources 
Uranium	deposits	are	known	in	all	states	(except	
Victoria and Tasmania, which only have uranium 
occurrences)	and	Northern	Territory.	Favourable	
geological settings and limited exploration since 
1980	mean	that	there	is	significant	potential	for	
discovering	new	deposits.	New	discoveries	are	 
likely to significantly increase Australia’s resource base 
and encourage further exploration in surrounding areas. 
Uranium	exploration	expenditure	in	Australia	has	
increased since 2003 mainly because of the 










have helped achieve increased trust by 
stakeholders through a clear up-front agreement 
on the environmental outcomes to be achieved 
and a demonstration by the mining operator that 
environmental, social and economic elements of  
the project are being managed appropriately. 
The Australian Government and the jurisdictions 
that	currently	permit	uranium	mining	(South	
Australia,	Northern	Territory	and	Western	Australia)	
are developing a national ISR uranium mining 
best practice guide, to ensure that ISR proposals 
represent best practice environmental and safety 
standards. The guide outlines and discusses the 
general principles and approaches that should apply 
to all mining in Australia, before considering ISR 
uranium mining more specifically.
With regard to radiation protection in mining, state 







community engagement to communicate the 
environmental and safety practices built into the 
project and to demonstrate that there are effective 
regulatory	controls.	Engagement,	consent	and	land	
use agreements with Indigenous communities are 
essential in areas where Indigenous groups hold 




to, the further development of the Australian 
uranium mining industry over the short, medium 
and longer term while ensuring world’s best 
environmental, health and safety standards. An 




radiation dose register for uranium workers; 
facilitating discussion of uranium exploration 
and mining issues with Indigenous communities; 
addressing concerns about the transport of uranium 
and instances of international shipping denials and 
delays; establishing nationally accredited radiation 
safety training programs; and reviewing regulation 
applying to the uranium industry.
Transportation issues




the Australian Government to ensure that Australia’s 
uranium is exported to countries for peaceful 
purposes under Australia’s network of bilateral 
safeguards	agreements.	Each	shipment	of	uranium	
leaving Australia must be reported to the Australian 
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intersections of uranium result in a new deposit will 
depend on further exploration. The discovery of a 
deposit may not be acknowledged until some years 
later,	after	subsequent	exploration	work.	For	example	
the discovery year for the Olympic Dam deposit 
was	1975,	but	it	was	a	few	years	later	before	the	
full significance of the discovery was appreciated; 
moreover, the published resources are still growing. 
Discovery	of	new	deposits	takes	time	and	requires	
considerable	exploration	expenditure.	Exploration	is	
an uncertain activity with only a small percentage 
of exploration expenditure leading directly to the 
discovery	of	an	economic	resource.	However,	
exploration is important to developing new deposits 
and sustaining existing operations by replacing 
resources as deposits are mined. The price of uranium 
and future export demand are typically the most 
important factors affecting the level of expenditure  
in exploration as these factors influence the return  
on a deposit and the capital available to operations.
Not	all	discoveries	result	in	mines.	Recent	studies	





size of these discoveries. Only the best projects are 
developed; the rest are placed in inventory waiting 
better prices or improved business conditions.
Australia has a rich uranium endowment that is related 
to the widespread occurrence of uranium enriched 
felsic	igneous	rocks	(Lambert	et	al.	2005).	Major	
A large number of new companies have been floated 












known uranium deposits in Australia, approximately 
50	were	discovered	from	1969	to	1975	with	another	
four	discovered	between	1975	and	2003.	Annual	
expenditure on uranium exploration in Australia 
fell progressively for 20 years from the peak in 
1980	until	2003	due	to	low	uranium	prices.	The	
most	recent	significant	discovery	was	the	Four	Mile	
deposit	in	South	Australia	in	2005,	which is the first 
new uranium mine proposal to be approved by the 
Australian Government since 2001.
More	recently,	discoveries	of	new	uranium	deposits	
have not significantly increased Australia’s resources. 
Growth in Australia’s uranium resources in recent 
years has been largely due to ongoing delineation 
of resources at known deposits. The Olympic Dam 
deposit in South Australia has been the major 
contributor to increases in Australia’s uranium 
resources	since	1983.	
The recent strong exploration activity saw the reporting 
of a number of intersections of economic interest, 


























Exploration expenditure 2008 A$
Uranium spot price 2008 US$
Figure 6.17 Australian exploration expenditure and uranium spot prices in real dollars
source: ABS	2009a,	Ux	Consulting	2009.	Note:	Expenditure	and	spot	prices	are	quarterly	figures
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World uranium resources are dominated by 
sandstone, breccia complex and unconformity style 
deposits.	Unconformity	deposits	are	dominant	in	
Australia and Canada. Australia has the world’s 
largest resources of uranium recoverable at low 
cost, principally in the Olympic Dam hematite breccia 
deposit and the unconformity-related deposits 
of	Ranger	and	Jabiluka.	Major	sandstone	hosted	
uranium resources are known in Kazakhstan and the 
United	States.	Australia	has	only	a	small	proportion	
of the world’s resources in sandstone type deposits.
In addition, uranium deposits related to magmatic 
processes appear under-represented in Australia 
given the abundance of uranium-rich igneous rocks 
(Skirrow	et	al.	2009).
There are no published estimates for Australia’s 
undiscovered uranium resources. Geoscience Australia 
has undertaken a preliminary assessment of specific 
undiscovered uranium deposits related to sedimentary 
basins, such as unconformity and sandstone 
hosted	deposits.	This	quantitative	assessment	for	
undiscovered uranium deposits was based on uranium 
ore density distribution in sedimentary basins that 
have the necessary geological features to form 
unconformity and sandstone type deposits. The 
assessment does not include the hematite breccia 





uraniferous igneous rocks, which are widespread 
in	South	Australia,	Northern	Territory	and	parts	
of	Western	Australia	and	Queensland.	There	is	a	
clear spatial relationship between known uranium 
deposits and uranium-enriched bedrocks. While some 
uranium deposits, such as Olympic Dam, appear 
to have formed during these thermal events, most 
uranium	deposits	have	formed	from	subsequent	
lower temperature processes that redistributed and 
concentrated the primary uranium to form new ore 
minerals.
In general, uranium mineralisation is younger than  
the spatially related igneous rocks. This is the  
case for sandstone, calcrete and unconformity 
related deposits that appear to have formed as a 
result of remobilisation of uranium from older-uranium 
enriched rocks. In particular, the Cainozoic calcrete 
deposits in the western part of the continent, 
including the large Yeelirrie deposit,  
are spatially related to the Archaean felsic rocks; 
and the unconformity related deposits are spatially 
associated	with	the	Palaeoproterozoic	to	late	
Archaean felsic igneous rocks. Sandstone deposits 
are widely distributed in Australia. Those in the  
Frome	Embayment,	South	Australia	are	believed 




















































































































































































Uranium exploration expenditure (A$)
RAR recoverable at <US$80/kg U (kt U)
Figure 6.18 Australia’s annual uranium exploration expenditure, discovery of deposits and growth of uranium 
resources
source: Geoscience Australia
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 a nation-wide dataset on the geochemical 
composition of surface and near-surface materials; 
•	 airborne	electromagnetic	(AEM)	surveys,	seismic	
acquisition	and	processing	in	under-explored	
areas that are considered to have potential for 
uranium and thorium mineralisation; and 
•	 developing	a	new	understanding	of	uranium	
mineralisation processes. 
Outlook for uranium market
Uranium supply-demand balance 
In the medium to long term, Australia’s production 
of uranium is expected to increase significantly, 
reflecting Australia’s large low-cost uranium 
resources, proposed new mines and increasing world 
demand for uranium. World demand is projected 
to grow strongly over the outlook period given the 
projected strong growth in world nuclear electricity 
generation. Given that there are no plans for Australia 
to have a commercial nuclear power industry or 
enrichment facilities prior to 2030, all of Australia’s 
uranium production will continue to be exported 
(figure	6.19).	





Well projects in South Australia and Yeelirrie, Kintyre,  
Lake	Maitland	and	Wiluna	uranium	projects	in	
Western Australia. In addition, plans are underway  
to expand underground operation at the existing 
Olympic Dam mine. 
Based on planned projects and the likelihood 
of additional currently less advanced projects 
(discussed	further	below)	entering	production	before	
2030,	ABARE	projects	Australian	uranium	
Geological settings considered favourable to host 
unconformity-related deposits, such as the Ranger 
deposit,	exist	in	other	areas	in	the	Northern	Territory	
and	Western	Australia.	A	quantitative	assessment	
for those basins with all of the necessary geological 
features	suggest	that	there	is	a	50	per	cent	
probability that these basins contain up to 400 kt of 
undiscovered	U
3
O8 in unconformity-related deposits. 
Australia has many large sedimentary basins, many 
of which have had only limited or no exploration for 
sandstone hosted uranium deposits. The known 
paleochannel sandstone hosted deposits are located 
in	about	3	to	5	per	cent	of	known	paleochannels	
which	means	some	95	percent	of	paleochannels	are	
unexplored and considered favourable for uranium 
mineralisation. It is reasonable to conclude that 
there is high potential for discovery of significant 
further sandstone hosted uranium resources in 





sandstone type deposits suggest that even if 10 per 




O8 in sandstone type deposits.
Regional and national assessments being undertaken 




especially in greenfield areas, by delivering reliable, 
pre-competitive geoscience data. There are several 
outputs	being	delivered,	some	of	which	include:	
•	 the	radiometric	map	of	Australia,	which	facilitates	
rapid assessment of uranium prospectivity from 
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Table 6.11 Uranium	development	projects	




































BHP	Billiton Roxby Downs, SA EIS	under	way 2016 4.5 na
Olympic Dam 
expansion stage 2 
BHP	Billiton Roxby Downs, SA EIS	under	way 2018 14.5 na
Olympic Dam 
expansion stage 3
BHP	Billiton Roxby Downs, SA EIS	under	way 2021 19 na
Oban ISR Curnamon	Energy N	of	Cockburn,	SA EIS	under	way 2010 0.2 na
Yeelirrie BHP	Billiton N	of	Kalgoorlie,	
WA
EIS	under	way 2014 5 na














































On hold na 1.36 317
source: ABARE	2009d
mine production will increase at an average annual 
rate	of	12	per	cent	to	around	11	760	PJ	(21	kt	U)	
by	2029–30	(figure	6.20).	It	should	be	noted	that	
only uranium projects that have progressed to, 
or beyond, a pre-feasibility stage of development 
are included in this figure. Although other projects 
are likely to enter production over this period, they 
have not been included given the limited nature of 
information	available	on	these	projects.	Projects	that	
are likely to contribute most notably to this growth 
include the phased expansion of Olympic Dam and 
the development of Yeelirrie in Western Australia 
which	collectively	could	add	as	much	as	20	kt	U	to	
Australia’s existing uranium mine capacity. 
Australia’s uranium exports are projected to increase 
in	line	with	higher	production,	reaching	11	760	PJ	 
by	2029–30. 
Uranium project developments in Australia
Australia has a large number of uranium mining 
projects planned to enter production over the next 
decade	(table	6.11,	box	6.2).	If	all	of	these	projects	
are realised, Australian uranium mine production 
capacity has the potential to increase from around 
8.5	kt	U	per	year	up	to	21.5	kt	U	by	2020–21.	The	
supply forecasts are based on current reported 
resources. In practice, it is highly likely that additional 
ore reserves will be found and mine lives extended 
and	possibly	expanded.	Figure	6.21	illustrates	this	
potential growth in mine capacity, assuming all 
projects begin production at times announced by 
project developers. It should be noted that some of 
these projects will not be realised in the time frame 
announced;	this	is	taken	into	account	in	ABARE’s	
uranium production projections presented  
in	figures	6.19	and	6.20.
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Olympic Dam Expansion 1
















planned to commence production in mid 2010. The 
operation	is	expected	to	produce	0.4	kt	U
3
O8 per year 
with	a	six	year	mine	life.	In	addition,	Curnamona	Energy	
is undertaking ISR field leach trials at the small Oban 
deposit	(65	km	north	of	Honeymoon	mine)	and	plans	to	
be in commercial production in late 2010.
Of	the	major	uranium	projects	planned,	BHP	Billiton’s	
proposed Olympic Dam expansion is the largest. The 
proposed expansion will increase uranium production 
from	the	current	capacity	of	4	kt	U
3
O8 per year to 
approximately	19	kt	U
3
O8 per year. This expansion is 
based on a very large open pit to mine the south-
east	portion	of	the	deposit.	Mining	of	ore	from	 
the open pit is currently scheduled to commence 
in 2016.
Energy	Resources	of	Australia	Ltd	(ERA)	is	planning	
to construct a heap leach facility to process 
existing low-grade ore at its Ranger operations in 
the	Northern	Territory.	A	10	million	tonnes	per	year	
dynamic heap leach facility will be constructed 
to	recover	about	15–20	kt	U
3
O8 contained in low 
grade mineralised material. The leach solutions 
will be treated in a process similar to that used 
in	the	existing	Ranger	plant.	In	January	2009,	
ERA	announced	the	discovery	of	a	very	significant	
ore body at depth adjacent to the current Ranger 
3 operating pit. The company is planning an 
underground exploration drilling program to 
evaluate the extent and continuity of the ore body. 
A planned pit expansion has been put on hold while 
the underground option is explored. 
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As most of the thorium resources in Australia are 
in known heavy mineral sand deposits, thorium 
production could be initiated with the recovery of 
thorium and rare earth elements from the monazite  
in operating heavy mineral sand mines without the 
need for an exploration phase.
World thorium market
Currently, there are no commercial scale thorium-
fuelled	reactors.	However	research	continues	in	
countries with abundant thorium but little uranium 
resources. 
Resources
Thorium resources are categorised according to 
the	OECD/NEA-IEA	classification	scheme.	OECD/
NEA-IAEA	published	in	2008	estimates	of	thorium	
resources on a country-by-country basis. The 
estimates are subjective because of variability 
in	the	quality	of	the	data,	much	of	which	is	old	
and incomplete. Table 6.12 has been derived by 
Geoscience Australia from information presented 
in	the	OECD/NEA-IAEA	analysis.	The	total	Identified	
Resources refer to RAR plus Inferred Resources 
recoverable	at	less	than	US$80/kg	thorium	 
(US$80/kg	Th).	
World RAR of thorium recoverable at less than 
US$80/kg	Th	are	estimated	at	1.2	million	tonnes,	
with total Identified Resources estimated at 2.6 
million	tonnes	(OECD/NEA-IAEA	2008).	However,	in	
the absence of large scale demand for thorium, there 
is little incentive to undertake further work to convert 
Inferred Resources to RAR. 





6.3.1 Background information  
and world market
Definitions 
Thorium (Th) is a naturally occurring slightly radioactive 
metal, three to five times more abundant than uranium. 
The most common source of thorium is a rare earth 
phosphate	mineral,	monazite	(WNA	2009i).	
Thorium is a potential future nuclear fuel through 
breeding	to	U233. Thorium has the potential to 







fuel designed to operate at 330 megawatt electric 
(MWe)	capacity.	Almost	25	tonnes	of	thorium	was	
used	in	fuel	for	the	reactor	(WNA	2009i).	
Currently, there are no commercial scale thorium-
fuelled reactors in the world and therefore no 
demand for thorium as a fuel. Any future large-
scale commercial demand for thorium resources 




potential thorium supply chain in Australia. As with 
uranium, the supply chain is divided into four distinct 
processes:	resources	exploration;	development	and	
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electricity generation in the world. Reasons for the 
lack of a thorium based nuclear fuel cycle in the past 
have included the high cost of thorium fuel fabrication 
and the abundance of cheap uranium fuel for the 
established uranium based reactors. 
However,	research	into	the	thorium	fuel	cycle	has	
continued, because it is considered to be less 
conducive to the proliferation of nuclear weapons, 
results in reduced nuclear waste, and represents 
increased energy security for countries with abundant 
thorium but little in the way of uranium resources. 
The	construction	of	a	500	MWe	prototype	fast	
breeder reactor has commenced at Kalpakkam, India. 
This reactor will have a plutonium based core and a 
thorium-uranium	(Th232	–	U238)	blanket	and	will	breed	
both	U233 from thorium and plutonium239	(Pu239)	from	
the uranium in the blanket. The reactor is expected 
to be operating in 2011. India is also planning to 
OECD/NEA-IAEA	(2008)	have	grouped	thorium	
resources according to four main types of deposits 
as shown in table 6.13. Thorium resources worldwide 
appear to be moderately concentrated in carbonatite 
type	deposits	(carbonate	mineral	rich	intrusives),	which	
account for about 30 per cent of the world total. The 
remaining thorium resources are more evenly spread 
across the other three deposit types in decreasing 
order	of	abundance,	in	placers	(sand	deposits),	vein	
type deposits, and alkaline rocks. In Australia, a larger 
proportion of resources is located in placers, with 
heavy mineral sand deposits accounting for about 
70 per cent of known thorium resources.
World production, consumption and trade
World production and consumption data are 
unavailable, but current production and consumption 
are thought to be negligible. There are at present 
no commercial scale thorium-fuelled reactors for 







Total Identified Thorium 
Resources 
<Us$ 80/kg Th
kt % kt % kt %
Australia 76 6.3 414 29.4 490 18.7
United	States 122 10.1 278 19.7 400 15.3
Turkey 344 28.6 NA NA 344 13.2
India 319 26.5 NA NA 319 12.2
Brazil 172 14.3 130 9.2 302 11.6
Venezuela NA NA 300 21.3 300 11.5
Norway	 NA NA 132 9.4 132 5.1
Egypt	 NA NA 100 7.1 100 3.8
Russian	Federation	 75 6.2 NA NA 75 2.9
Greenland 54 4.5 NA NA 54 2.1
Canada NA NA 44 3.1 44 1.7
South Africa 18 1.5 NA NA 18 0.7
Others 23 1.9 10 0.7 33 1.3
Total 1203 100.0 1408 100.0 2610 100.0
source: Data	for	Australia	compiled	by	Geoscience	Australia;	estimates	for	all	other	countries	are	from	OECD/NEA-IAEA	2008
Table 6.13 World and Australian thorium resources according to deposit type 
World australia





Carbonatite 1900 31.3 24 4.9
Placer 1524 24.6 340 69.3
Vein-type 1353 21.4 73 14.9
Alkaline 1155 18.4 53 10.8
Other 258 4.2 - -
Total 6190 100.0 490 100.0
Modified after	OECD/NEA-IAEA	(2008).	Note:	Australia’s	thorium	resources	expressed	as	‘recoverable’	resources	after	an	overall	reduction	 
of 10 per cent for mining
source: Geoscience Australia
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the heavy mineral sands are estimated to be around 
377.7 kt Th. Australia’s total indicated and inferred in 
situ resources, including those in predominantly rare 
earth	element	deposits,	amount	to	about	544	kt	Th	
(table	6.14).	
As there are no publicly available data on mining 
and processing losses for extraction of thorium 
from	these	resources,	the	‘recoverable’	resource	
of	thorium	is	not	known.	However,	assuming	an	
arbitrary figure of 10 per cent for mining and 








6.3.2 Australia’s thorium resources  
and market
Australia has the world’s largest Identified Resources 
of	thorium.	Almost	three	quarters	of	Australia’s	
thorium resources are in the mineral monazite within 
heavy mineral sand deposits. 
Thorium resources
Geoscience Australia estimates Australia’s monazite 
resources in the heavy mineral deposits to be around 
6.2 million tonnes and inferred thorium resources in 
South West Coastal
Heavy Mineral Sand deposits





Coastal Heavy Mineral Sand deposits
Thorium 600 t
Coastal Heavy Mineral Sand deposits
Thorium 12 600 t
MURRAY BASIN
Heavy Mineral Sand deposits
Thorium 281 900 t
Rare Earth Oxide deposits
Thorium 81 500 t
Rare Earth Oxide deposits
Thorium 35 000 t
Rare Earth Oxide deposits















Relative size of Thorium resource
Rare Earth Oxide deposit
Heavy Mineral Sand deposit
Figure 6.23 Australia’s total in situ identified thorium resources
source: Geoscience Australia
Table 6.14 Australia’s	thorium	resources,	2008
unit In situ recoverable  
<Us$ 80/kg Th
Reasonably	Assured	Resources	(RAR) kt 84 75.6
Inferred Resources kt 460 413.9
Total Identified Resources kt 544 489.6
source: Geoscience	Australia	2009
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About	three	quarters	of	Australia’s	thorium	resources	
are in the rare earth-thorium phosphate mineral 
monazite within heavy mineral sand deposits, which are 
mined for their ilmenite, rutile, leucoxene and zircon 
content	(figure	6.23).	Most	of	the	known	resources	of	
monazite in mineral sands are in Victoria and Western 
Australia. The monazite in Australian heavy mineral 
sand deposits averages about 6 per cent thorium and 
60	per	cent	rare	earths.	Prior	to	1996,	monazite	was	
being produced from heavy mineral sand operations 
and exported for extraction of rare earths. Other 
thorium deposits are discussed in Box 6.3.
In current heavy mineral sand operations, the 
monazite is generally dispersed back through  
the	original	host	sand	(to	avoid	the	concentration	
of	radioactivity)	when	returning	the	mine	site	to	an	
agreed land use. In doing so, the rare earths and 
thorium present in the monazite are negated as 
a resource because it would not be economic to 
recover the dispersed monazite for its rare earth 
and thorium content. The monazite content of heavy 
mineral resources is seldom recorded by mining 
companies in published reports. 
Thorium market
Historically,	Australia	has	exported	large	quantities	 








materials containing thorium, have been imported  
or exported by Australia.
Production	of	monazite	no	longer	occurs	in	Australia	
as the high disposal cost of thorium is considered 
to make the extraction of rare earths from monazite 
uneconomic. 
6.3.3 Outlook to 2030 for Australia’s 
resources and market
There is currently no large scale demand for  
thorium resources and therefore no comprehensive, 
reliable body of data either on resources or projected 
demand. Australia has a major share of the world’s 
thorium resources, based on limited information 
available.
The full commercialisation of a thorium fuel cycle 
is unlikely to take place prior to 2030. As a result, 
large	scale	Australian	production	and	subsequent	
trade of thorium are not likely within this time 
period. If commercialisation of a thorium fuel cycle 
occurs	more	quickly	than	assumed,	Australia	is	
well positioned to supply world markets with cheap 
reliable	supplies	of	thorium.	Large	resources	of	
thorium at deposits currently exploited for other 
minerals and the possible development of multi 
mineral deposits containing thorium are likely to 
support this production. 
Key factors influencing the outlook
There has been a significant renewal of interest in 
development of a thorium-fuelled nuclear cycle for 
electricity generation, partly because of the relative 
abundance of thorium, its greater resistance to 
nuclear weapons proliferation and the substantial 
reduction in radioactive waste generated from a 
thorium-fuelled	nuclear	cycle.	However,	much	work	
remains to be done before a commercial scale 





such as alkaline intrusions and in veins and dykes. 
A	significant	example	is	the	Nolans	Bore	rare	earth,	




of Carnarvon in Western Australia, crop out over an 
area	of	500	km2. Whole rock chemical analyses of a 
number of ironstone samples record more than 1000 






Other alkaline complexes with known rare earth 
and thorium mineralisation include Brockman in 
Western	Australia.	Exploration	reports	indicate	
thorium occurrences, but no estimates of thorium 
resources have been reported.
Data on the thorium content of carbonate mineral 
rich	intrusions	in	Australia	are	sparse.	Mount	Weld	
and Cummins Range deposits in Western Australia 
are both known to contain some thorium.
source:	Geoscience	Australia	2009.	
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Technology developments – future development  
of thorium reactors
Demand for thorium resources depends upon the 
development and widespread adoption of thorium-
fuelled reactors for electricity generation. The main 
drivers	for	interest	in	thorium-fuelled	reactors	are:
•	 Some	countries,	such	as	India,	have	much	larger	
thorium resources than uranium and see thorium-
fuelled reactors as a more secure source of energy.
•	 The	thorium	fuel	cycle	is	considered	to	be	less	
conducive to nuclear weapon proliferation than 
the uranium fuel cycle.
•	 The	thorium	fuel	cycle	generates	much	less	
radioactive waste than the uranium fuel cycle.
Current research and development for use of thorium 
in reactors for electricity generation are directed 
primarily	towards:
•	 Research	into	thorium	fuel	designed	to	be	used	 
in currently operating uranium-fuelled reactors.
•	 Development	and	construction	of	a	purpose-built	
thorium-fuelled reactor for electricity generation.
•	 Development	of	some	other	advanced	nuclear	
reactors which could use thorium fuels.
Further	details	of	the	research	and	developments	are	
presented in Box 6.4.
Cost competitiveness
As there is no established large scale demand and 
associated price information for thorium, there is 
insufficient information to determine how much 
of Australia’s thorium resources are economically 
viable for electricity generation in thorium reactors. 
However,	as	all	of	Australia’s	thorium	resources	
occur either in the heavy mineral sand deposits or in 
rare earth mineral deposits, mining and processing 
cost for the extraction of thorium would be shared 
with other commodities. 
Infrastructure, environment and other issues 
Most	thorium	resources	are	contained	in	heavy	
mineral sand deposits and rare earth deposits 
that already have essential infrastructure. Some 
of these deposits are currently being mined or in 
advanced stages of development with infrastructure 
costs being borne by commodities being extracted.
Apart from improved resistance to proliferation of 
nuclear weapons, a thorium fuel cycle is generally 
considered to generate less radioactive waste 
and has fewer long-lived transuranic elements. 
The extent of these potential advantages over 
the current uranium fuel cycle varies according to 
different designs of the thorium fuel cycle.
There are little readily available nuclear industry  
data on the issues of nuclear proliferation and 
volumes and storage of nuclear waste because  




At this stage it appears that thorium fuel could be 









service date for an ACR 1000 is 2016. It is anticipated 
that use of thorium fuel will be introduced at a later 
stage.	In	mid	2009,	AECL	signed	agreements	with	three	











being built in India, which has extensive thorium 
resources but very limited uranium resources. 
Thorium-fuelled reactors
A purpose built thorium-fuelled reactor – the Indian 
300	MWe	Advanced	Heavy	Water	Reactor	(AHWR)	–	
has been proposed for construction as a technical 
demonstration.	The	AHWR	will	have	fuel	assemblies	
of	30	Th-U233 oxide pins and 24 plutonium-Th oxide 
pins around a central rod with burnable absorber. It is 
designed	to	be	self-sustaining	in	relation	to	U233 bred 
from Th232 and have a low plutonium inventory and 
consumption. It is designed for a 100 year plant life 
and	is	expected	to	utilise	65	per	cent	of	the	energy	
of the fuel, with two thirds of the energy coming 
from thorium. The technical demonstration version 
is expected to be completed some time after 2017, 
but	full	scale	commercial	AHWR	reactors	are	not	
anticipated before 2030. 
In	2009	India	announced	an	export	version	of	the	
AHWR	–	the	AHWR-LEU.	This	design	will	use	low-
enriched uranium plus thorium as a fuel, dispensing 
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per cent, giving 4.21 per cent average fissile content 
of	the	U-Th	fuel.	Plutonium	production	will	be	less	
than in light water reactors, and the fissile proportion 
will be less, providing inherent proliferation 
resistance	benefits	(WNA	2009g;	Kakodkar	2009).
India is the only country that has been involved in 
development of a full scale thorium reactor, the 
AHWR	in	stage	3.	This	program	had	a	high	priority	
while India was under an international trade ban for 




technology and import uranium fuel. In addition, India 
has also signed a nuclear cooperation agreement 
with	France.	It	is	unclear	if	India	will	maintain	a	high	
priority on the development of its thorium fuel cycle. 
Advanced reactors
Generation IV reactors will also be capable of using 
thorium fuel in the high-temperature gas-cooled 
reactors	(HTGRs)	or	the	molten	salt	reactors	(MSR).	







builds on previous work in Germany and is under 
development in China and South Africa. A pebble 
bed reactor can potentially use thorium in the  
fuel pebbles. 
The	molten	salt	reactor	(MSR)	is	an	advanced	
breeder concept, in which the coolant is a molten 
salt, usually a fluoride salt mixture. The fuel can be 
dissolved	enriched	uranium,	thorium	or	U233 fluorides. 
The fission products dissolve in the salt and are 
removed continuously in an online reprocessing loop 
and replaced with Th232	or	U238. Actinides remain 
in the reactor until they fission or are converted to 
higher	actinides	which	do	so.	The	MSR	was	originally	
studied	in	depth	in	the	1960s,	but	is	now	being	
revived because of the availability of advanced 




designs selected by the international forum of 13 
countries for further development. 
As with a purpose built thorium-fuelled reactor, these 
advanced	HTGR	and	MSR	reactors	are	not	likely	to	
come on stream much before 2030, and the extent 
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It	is	useful	to	distinguish	between	hydrothermal	and	











































































































































































Drying of fish meal and timber
Alumina via Bayers process
Drying farm products; Food canning
Evaporation in sugar refining; Extraction of salts by evaporation and
crystallisation; Fresh water by distillation
Concentration of saline solution; Refrigeration (medium temperature)
Drying and curing of light aggregate cement slabs
Drying of stock fish; Intense de-icing operations
Space heating (buildings and greenhouses)
Refrigeration (lower temperature limit)
Mushroom growing; Balneology/theraputic hot springs
Soil warming; Swimming pools; Biodegredation; Fermentations









































Heavy water via hydrogen sulphide process; Drying of diatomaceous earth
Drying of organic materials eg: seaweed, grass, vegetables etc;
Washing and drying of wool
Animal husbandry; Greenhouses by combined space and hotbed heating
Temperature ( C)
Digestion in paper pulp; Evaporation of highly concentrated solutions;
Refrigeration by ammonia absorption
Figure 7.3 Direct-use	applications	of	geothermal	energy
source: Geoscience	Australia	modified	after	Lindal	1973;	Ayling	et	al.	2007b
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Ground source heat pumps (GsHP) that utilise the 







































Geothermal energy inputs to electricity generation
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Primary energy consumptiona PJ - 1316 2053
Share	of	total % - 0.6 0.4
Average	annual	growth,	since	2000 % - 0.4 0.6
Electricity generation 
Electricity	output TWh 0.0007 40.0 61.8
Share	of	total % - 0.4 0.3
Average	annual	growth,	since	2000 % 2.4 2.5

















































































OECD North AmericaRest of the world Asia
OECD Europe




electricity generation (%)OECD Asia Pacific
Figure 7.8 World	geothermal	electricity	generation,	by	region
source: IEA	2009a
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oECD TWh 40 92
Share	of	total % 0.4 0.7
Average	annual	growth % - 3.7
Non-oECD TWh 22 81
Share	of	total % 0.2 0.4
Average	annual	growth % - 5.8
World TWh 62 173
Share	of	total % 0.3 0.5
	Average	annual	growth % - 4.6
source: IEA	2009b
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•		 The	first	edition	of	the	Australian Code for Reporting 
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Government support for geothermal energy 
































Better definition of geothermal resources – 
improved basic geoscientific data to enhance 



























































The cost of geothermal energy is expected  
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Hot dry rock (actual)





Joint Association Survey oil and gas average
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Primary energy consumptiona PJ 43.4 4654 11	084
Share	of	total % 0.8 2.0 2.2
Average	annual	growth,	from	2000 % -4.2 -0.3 2.0
Electricity generation 
Electricity	output TWh 12 1293 3078
	 Share	of	total % 4.5 12.2 15.6
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oECD TWh 1258 1478
Share	of	total % 12.2 11.2
Average	annual	growth,	2007–2030 % - 0.7
Non-oECD TWh 1820 3202
Share	of	total % 19.9 15.2
Average	annual	growth,	2007–2030 % - 2.5
World TWh 3078 4680
Share	of	total % 15.6 13.6
Average	annual	growth,	2007–2030 % - 1.8
source: IEA	2009b
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Upgrading and refurbishing ageing hydro 
infrastructure in australia will result in 















































Hydroelectricity is a mature renewable 
electricity generation technology with limited 




















•	 Electro mechanical equipment costs	–	the	
machinery	of	the	facility,	including	turbines,	
generators	and	control	systems.





































small scale hydro developments are likely  





















surface water availability and competition 
for scarce water resources will be a key 
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regions but extending hundreds of kilometres 
inland and including highland areas in south-
eastern Australia (figure 9.1). There are large 
areas with average wind speeds suitable for high 
yield electricity generation. 
•	 Local	topography	and	other	variability	in	the	local	
terrain such as surface roughness exert a major 
influence on wind speed and wind variability. 
This necessitates detailed local investigation of 
potential sites for wind farms. 
9.1.3 Key factors in utilising Australia’s 
wind energy resources
•	 Government	policies,	particularly	carbon	
emissions reduction targets and the Renewable 
Energy	Target	(RET),	are	expected	to	underpin	
the future growth of Australia’s wind energy 
industry. The operation of wind turbines produces 
no	greenhouse	gas	emissions,	and	emissions	
involved in the development stage are low 
compared with electricity generation from  
other sources.
•	 Wind	energy	is	a	proven	and	mature	technology	
with low operating costs. Both the size of turbines 
and	wind	farms	have	increased,	with	farms	of	
more	than	100	MW	combined	capacity	now	






land coverage. The windiest areas are typically 








from wind energy will be strongly influenced by 
government climate change policies and the 
demand for low-emission renewable energy at 
affordable prices. 
•	 The	IEA	projects	the	share	of	wind	energy	in	total	
electricity generation will increase markedly from 
0.9 per cent in 2007 to 4.5 per cent in 2030 
–	from	1.4	per	cent	to	8.1	per	cent	in	OECD	
countries and from 0.3 per cent to 2.2 per cent  
in	non-OECD	countries.









eastern margins. More isolated areas of the eastern margin also have excellent wind resources.
•	 Wind	energy	is	the	fastest	growing	renewable	energy	source	for	electricity	generation,	although	its	
current share of total primary energy consumption is only 0.2 per cent in Australia.  
•	 Further	rapid	growth	in	wind	energy	in	Australia	will	be	encouraged	by	government	policies,	notably	
the	Renewable	Energy	Target	(RET)	and	emissions	reduction	targets,	increased	demand	for	low	
emission renewable energy and lower manufacturing costs. 
•	 In	Australia,	the	share	of	wind	energy	in	total	electricity	generation	is	projected	to	increase	from	
1.5 per cent in 2007–08 to 12.1 per cent in 2029–30.
•	 Extension and other augmentation of the electricity transmission network may be required to 
access dispersed (remote) wind energy resources and to integrate the projected increase in wind 
energy electricity generation.
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 European and United States’ production to lower 
cost	manufacturing	centres	in	India	and	China.	
Both of these trends will result in a reduction  
in turbine costs.
•	 Access	to	Australia’s	onshore	wind	resources	
is likely to be sufficient to meet industry 
development requirements over the outlook 
period. There are currently no plans to develop 
higher cost offshore wind resources. 
9.1.4 Australia’s wind energy market 
•	 In	2007–08,	Australia’s	wind	energy	use	
represented only 0.2 per cent of total primary 
energy consumption and 1.5 per cent of total 
electricity	generation.	However,	wind	energy	is	 
the fastest growing energy source in Australia 
with an average annual growth of 69.5 per cent 
since 1999–00. 
•	 In	October	2009,	there	were	85	wind	farms	in	




may limit further growth of wind energy in  
some	areas	with	good	wind	resources,	 
particularly	in	South	Australia.	In	such	areas,	
upgrades and extensions to the current grid may 
be needed to accommodate significant further 
wind	energy	development.	Elsewhere,	current	 
grid infrastructure should be adequate for  




reached at the level of wind energy projected to 
2030. This limit can be extended by better wind 
forecasting (allowing the grid to react to projected 
changes	in	wind	conditions),	demand	side	
management (shedding or adding load to match 
wind conditions) and even the addition of storage 
nodes to the grid (moving excess wind energy to 
higher demand periods). 
•	 Wind	turbine	manufacturing	output	is	doubling	
every three years. There is also a shift from 
Figure 9.1 Australia’s wind resources 
source: Windlab	Systems	Pty	Ltd,	DEWHA	Renewable	Energy	Atlas	(wind	map	data);	Geoscience	Australia
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Modern wind energy prospecting typically uses three 
levels of wind resource mapping:
1.	 regional-scale	‘mesoscale’	wind	speed	maps,	
to identify favourable regions. These maps are 
	 cent)	and	Western	Australia	(12	per	cent).	 
A	further	11.3	GW	of	wind	energy	capacity	has	
been proposed for development in Australia.
•	 In	the	latest	ABARE	long-term	energy	projections	




share of wind energy in total electricity generation 
is projected to increase from 1.5 per cent in 
2007–08 to 12.1 per cent in 2029–30. 








physical effects of mountains and other obstacles. 
Wind	energy	is	generated	by	converting	wind	currents	
into other forms of energy using wind turbines (figure 
9.3). Turbines extract energy from the passing air by 
converting kinetic energy from rotational movement 
via a rotor. The effectiveness of this conversion at 





particularly in rural areas.
9.2.2	Wind	energy	supply	chain












































Figure 9.2 Australia’s wind energy market to 2029–30 
source: ABARE 2010







Estimates of electricity generation are generally 
calculated by modelling the interaction between 
the wind distribution and a particular turbine.  
The ratio of actual yield to the maximum output  
of the machine is commonly referred to as 
a capacity factor. Each type of turbine has a 
different capacity factor for any given site. 
For	example,	a	wind	turbine	with	a	1	MW	capacity	
and 30 per cent capacity factor will not produce  




The capacity factor should not be confused 
with ‘efficiency’ which is a measure comparing 
the actual output with the energy contained in 
the	passing	wind.	Wind	turbines	are	limited	by	
physical factors to an efficiency of about 60 per 
cent	(Betz’s	Law).	The	best	wind	turbines	are	
presently around 44 per cent efficient.
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household	needs,	usually	in	conjunction	with	some	
form of storage. 
9.2.3	World	wind	energy	market
The wind energy industry is the fastest growing 
renewable energy source in many countries and 
is expected to continue to grow rapidly over the 
period	to	2030.	Production	of	wind	energy	is	largely	




The world’s wind energy resource is estimated to 
be	about	one	million	GW	for	total	land	coverage.	
Assuming only 1 per cent of the area is utilised and 
allowance is made for the lower load factors of wind 
plant,	the	wind	energy	potential	would	correspond	to	
around the world total electricity generation capacity 
(WEC	2007).
The windiest areas are typically coastal regions 
of continents at mid-to high latitudes and in 
mountainous	regions.	Locations	with	the	highest	
wind energy potential include the westerly wind belts 










Regions with high wind energy potential are 
characterised by:
compiled using wind measurements from balloons 
combined	with	atmospheric	models;
2. farm level ‘microscale’ wind resource mapping to 
account	for	local	variations	in	wind	speed;	and
3. micro-siting studies to determine optimal 
locations for siting of individual turbines. This 
mapping requires input from long term sensors 
installed on the site.









sources are dispatched. Since March 2009 new wind 
generators	greater	than	30	MW	must	be	classified	
as ‘semi-scheduled’ and participate in the central 
despatch process (AER 2009).
Electricity produced from the individual turbines 
is stepped up by means of a transformer and 
high voltage switch and collected in the central 
switchyard	of	the	wind	farm.	It	is	then	fed	to	the	
electricity transmission grid substation with further 
transformers and switchgear. The electricity is 
distributed	to	the	industrial,	commercial	and	
residential markets in the same manner as electricity 
generated from any other source. 
Small	wind	turbines	(typically	less	than	10	kW)	are	
commonly used in remote locations isolated from 
the	grid	for	a	variety	of	industrial,	commercial	and	


















Figure 9.4 Australia’s wind energy supply chain
source: ABARE	and	Geoscience	Australia
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of nearly 28 per cent (table 9.1). 
Wind	energy	use	is	growing	rapidly	in	the	industrialised	
world: capacity has been doubling about every three 
and half years since the early 1990s. The reasons for 
this	rapid	growth	are	environmental;	it	is	a	renewable	
and low emission source of energy. Because of the 
simplicity	of	its	technology	and	resource	abundance,	 
it has emerged as one of the leading renewable energy 
industries,	well	aligned	with	governments’	search	
for commercially-viable renewable energy sources. 
There is also increasing interest in the developing 
world because it can be readily installed to meet local 
electricity needs. 
The wind energy market is dominated by two regions: 
Europe	and	North	America	(figure	9.5).	In	2007,	61	
per cent of the world’s wind electricity generation was 
•	 high	average	wind	speeds;	
•	 winds	that	are	either	constant	or	coinciding	with	





and reduces the mechanical stress on wind 
turbine components that results from variable and 
turbulent wind conditions associated with rough 
landscape.
Because	of	wind	variability,	the	energy	density	
at a potential site – commonly described as its 
capacity factor (box 9.1) – is generally in the range 
of	20–40	per	cent.	While	the	majority	of	areas	in	
locations convenient for electricity transfer to the 
grid	are	located	onshore,	offshore	sites	have	also	
been identified as having significant potential for 
wind	energy,	both	to	take	advantage	of	increased	
wind speeds and to increase the number of available 
sites. Offshore locations also help reduce turbulence 
and hence stress on machine components. There 
have been wind turbines deployed in shallow seas off 
northern Europe for more than a decade. Offshore 
sites are expected to make an increasingly significant 
contribution	to	electricity	generation	in	some	countries,	
notably	in	Europe,	where	there	are	increasing	
difficulties in gaining access to onshore sites. 
Primary energy consumption
In	the	wind	energy	market,	energy	production,	 
primary energy consumption and fuel inputs to 
electricity generation are the same as there is 
essentially no international trade and no ability 
to	hold	stocks	of	wind	energy.	Wind	energy	has	
increased from a 0.03 per cent share of global 











Primary energy consumptionb PJ 14.2 660.2 767.8
Share of total % 0.2 0.3 0.1c
Average	annual	growth,	2000–2008 % 69.5 26.2 27.7
Electricity generation 
Electricity output TWh 3.9 183.4 213.3
Share of total % 1.5 1.7 0.9c
Electricity capacity GW 1.3 104.3 120.8
































Rest of the world












electricity generation in these countries has slowed 
in	recent	years,	other	major	producers	have	emerged,	
including	the	United	Kingdom,	France	and	Italy.	The	
strong presence of the wind energy industry in the 
European	Union,	where	it	is	the	fastest	growing	energy	
source,	is	largely	the	result	of	government	initiatives	











renewable share of electricity generation have been 






has supported the development of the wind energy 
industry	through	research	and	development	support,	
demonstration	projects	and	policy	support.	China’s	
National Energy Bureau identified wind energy as a 
priority	for	diversifying	China’s	energy	mix	away	from	
coal. Both countries are now manufacturers and 





Australia is the fourteenth largest wind producer 
in	the	world	(figure	9.6a).	However,	wind	energy	
accounted for only 1.5 per cent of Australia’s total 
electricity generation in 2007–08 (table 9.1). 





more than half of the new capacity developed in the 
United	States	and	China.	
At the end of 2008 the United States had the  
highest	installed	capacity	(25	GW)	followed	by	
Germany	(24	GW),	Spain	(17	GW),	China	(12	GW)	
0 10 20 30 40 50
TWh





































1.  United States 25.2 21
2.		 Germany 23.9 20
3.  Spain 16.8 14
4.		 China 12.2 10
5.		 India 9.6 8
6.		 Italy 3.7 3
7.  France 3.4 3
8.  United Kingdom 3.2 3
9.		 Denmark 3.2 3
10.		 Portugal 2.9 2
14.  Australia 1.3 1
World 121.5 100
source: GWEC	2009
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and	India	(10	GW).	Together	these	five	countries	
accounted for more than 72 per cent of global 
installed capacity. The fastest growing region since 
2006	has	been	Asia,	accounting	for	nearly	one	third	
of newly installed wind capacity in 2008 (but only  
12 per cent of production in 2007).
World wind energy market outlook
Government	policies	will	be	a	major	contributing	
factor to the future development of the industry. 
Renewable	energy	targets,	for	example,	provide	
economic incentives to invest in least cost sources 
of	renewable	energy	resources.	Wind	energy	is	likely	
to	become	more	important	in	the	fuel	mix,	because	
wind energy technologies have been demonstrated 
to be commercially viable and there is still significant 
development potential for wind resources.
The rapid improvement in wind turbine efficiency and 
grid integration technology over the past decade is 
expected	to	continue,	adding	to	the	overall	efficiency	
of the industry. Reducing the cost of wind energy 
generation,	through	lower	manufacturing	costs	and	
economic	gains	from	larger	operations,	may	also	
enhance the competitiveness of the industry.  
According	to	the	IEA	(2009b),	the	global	wind	energy	




generation from wind energy is projected to increase 
at an average annual rate of 9.9 per cent between 
2007	and	2030	(table	9.3).	As	a	result,	the	share	of	
wind energy in total electricity generation is projected 
to increase sharply from 0.9 per cent in 2007 to 4.5 
per cent in 2030. 
OECD	countries	are	expected	to	continue	to	be	 
the main wind energy producers over the outlook 
period.	In	the	OECD	region,	the	share	of	wind	
Table 9.3 IEA	reference	case	projections	for	world	
electricity generation from wind energy 
unit 2007 2030
oECD TWh 150 1068




Non-oECD TWh 24 468




World TWh 173 1535




















energy in total electricity generation is projected 
to rise from 1.4 per cent in 2007 to 8.1 per cent 
in	2030.	Wind	energy	use	is	also	projected	to	rise	
strongly	in	non-OECD	countries	–	by	2030,	non-OECD	
countries are projected to account for 30 per cent of 
world wind electricity generation (figure 9.7).
In	the	IEA’s	450	ppm	climate	change	policy	scenario	
(stabilising the concentration of atmospheric 
greenhouse	gases	at	450	parts	per	million),	the	
economic incentives to invest in clean renewable 
energy sources are considerably greater than those 
of	the	reference	case.	As	a	result,	the	share	of	wind	
energy in world electricity generation is projected to 
increase to 9.3 per cent in 2030 (more than double 
the	share	in	the	reference	case).	In	the	OECD	region,	
the wind energy share is projected to increase to 
12.8 per cent in 2030 under this scenario.




influencing wind resources are seasonal and diurnal 
variation	in	wind	speed.	Winds	are	strongest	in	winter	
and spring in western and southern Australia but 
the monthly behaviour differs from region to region. 
Variations	in	average	monthly	wind	speed	of	up	to	
15–20 per cent over the long term annual average 
are not uncommon. There may be similar daily 
variations	at	individual	locations,	with	increased	wind	
speeds	in	the	afternoon	(Coppin	et	al.	2003).
Meso-scale maps show that Australia’s greatest 
wind	potential	lies	in	the	coastal	regions	of	western,	
south-western,	southern	and	south-eastern	Australia	
(areas shown in orange to red colours in figure 
9.8 where average wind speeds typically exceed 
6.5	m/s).	Coastal	regions	with	high	wind	resources	





extend hundreds of kilometres inland and many of 
Australia’s wind farms (current and planned) are 
located	some	distance	from	the	coast.	Inland	regions	
9.3 Australia’s wind energy 
resources and market
9.3.1	Wind	energy	resources
Australia has some of the best wind resources 
in the world. Australia’s wind energy resources 
are located mainly in the southern parts of the 
continent (which lie in the path of the westerly 
wind flow known as the ‘roaring 40s’) and reach a 
maximum around Bass Strait (figure 9.8). The largest 
wind resource is generated by the passage of low 
pressure and associated frontal systems whose 
northerly extent and influence depends on the size 
of	the	frontal	system.	Winds	in	northern	Australia	








Australia creates winds with a southerly component 
(‘southerly busters’) along the east coast. 
Figure 9.8 Predicted	average	wind	speed	at	a	height	of	80	metres
source: Windlab	Systems	Pty	Ltd,	DEWHA	Renewable	Energy	Atlas	(wind	map	data);	Geoscience	Australia
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quality monitoring measurements with a micro-scale 
model of wind flow incorporating the effects of 
topography and terrain roughness.
9.3.2	Wind	energy	market
The wind energy market in Australia is growing at 
a	rapid	pace,	driven	by	an	increasing	emphasis	on	
cleaner energy sources and government policies 
encouraging its uptake. The wind energy industry  
has been the fastest growing renewable energy 
source,	largely	because	it	is	a	proven	technology,	 




per cent of primary energy consumption (table 9.1). 
However,	wind	is	the	fastest	growing	energy	source	
in	Australia,	increasing	at	an	average	annual	rate	of	
69.5 per cent between 1999–00 and 2007–08.
Electricity generation
In	Australia,	wind	energy	was	first	utilised	for	
electricity generation in 1994 and the industry 
has expanded rapidly in recent years (figure 9.9). 
Australia’s	wind	electricity	generation	was	3.9	TWh	
(14.2	PJ)	in	2007–08,	accounting	for	1.5	per	cent	of	
total electricity output in Australia. 
of	Western	Australia,	South	Australia	and	western	
Victoria	all	have	good	wind	resources.	Areas	with	






areas with the highest wind energy potential lie along 
the	higher	exposed	parts	of	the	Great	Dividing	Range	
and very close to the coast except where there is 
significant local sheltering by the escarpment. The 
best	sites	result	from	a	combination	of	elevation,	
local topography and orientation to the prevailing 
wind.	Significantly,	the	map	shows	that	some	inland	
sites have average wind speeds comparable with 
those in coastal areas of southern Australia. 
The	Victorian	Wind	Atlas	(Sustainable	Energy	Authority	
Victoria	2003),	shows	a	modelled	average	wind	speed	
of 6.5 m/s across the state with the highest average 
wind	speeds	(>	7	m/s)	found	in	coastal,	central	and	
alpine	regions	of	Victoria	(figure	9.8).	The	atlas	
also presents modelled average wind speed data 
in	relation	to	land	title	(national	parks,	other	public	
land	and	freehold	land),	land	use	and	proximity	to	
the electricity network. Effective wind resources 
are defined as those located within a commercially 
viable distance from the electricity network. The atlas 
delineates corridors within 10 and 30 km of the 
network.	It	presents	wind	resource	maps	for	each	of	
the local government areas in relation to the electricity 
network according to land title. 
Local	topography	and	other	variability	in	the	local	
terrain such as surface roughness exert a major 
influence	on	wind	speed	and	wind	variability.	Wind	




the crest and then separating into zones of turbulent 
air flow. There are also thermal effects and funnelling 
which need to be considered when assessing wind 
resources. All of these effects impact on capacity 
factors	(Coppin	et	al.	2003;	ESIPC	2005).	Australia’s	
high capacity factors reflect the large development 
potential.
Because of these factors meso-scale maps such as 
figure 9.8 do not account for fine-scale topographical 
accelerations	of	the	flow.	In	particular,	the	effect	
of any topographical feature smaller than 3 km is 
unlikely	to	be	accounted	for.	In	mountainous	country,	
topographical accelerations (and decelerations) 
because of these finer scale features commonly 
exceed	20	per	cent.	As	such,	these	maps	are	useful	
only for preliminary selection of sites: detailed 
assessment of wind energy resources for potential 
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generation (%)
Figure 9.9 Australia’s wind electricity generation 
source: IEA	2009;	ABARE	2009a
Installed electricity generation capacity
In	September	2009	there	were	85	wind	farms	in	
Australia	with	a	combined	installed	capacity	of	1.7	GW	




projects is provided in box 9.2.
The	size	of	wind	farms	is	increasing,	as	companies	
with capacity to install large farms take advantage of 
economies of scale and capitalise on sites with high 
wind potential. Australia’s largest wind farm is the 
Waubra	wind	farm	in	Victoria	(192	MW),	which	was	
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By 2029–30 wind energy is projected to provide about 
12 per cent of Australia’s electricity (ABARE 2010).
9.4.1 Key factors influencing the  
future development of Australia’s  
wind resources
Worldwide,	wind	energy	is	the	fastest	growing	
form of electricity generation and is set to play 
an	increasingly	important	role	in	the	energy	mix,	
globally	as	well	as	in	Australia.	It	is	a	proven	and	
mature technology and the output of both individual 
turbines and wind farms has increased significantly 
in the past five years. The wind energy market has 
reached	a	mature	stage	in	some	energy	markets,	
such	as	in	western	Europe,	because	it	is	already	cost	
competitive with other forms of electricity generation.
The expansion of wind energy in Australia is likely to 
be enhanced by government policies favouring low 
emissions,	such	as	the	RET	and	emissions	reduction	
targets and the increasing cost competitiveness of 
wind energy. The RET will help drive the growth of 
renewable energy sources in the period to 2020. 
After 2020 the proposed emissions reduction 
target carbon price is projected to rise to levels that 
continue to drive the growth of renewable energy. 
Wind	energy	is	likely	to	particularly	benefit.
Wind	is	generally	the	most	cost	competitive	
renewable source of electricity generation behind 
hydro.	However,	it	has	significantly	more	growth	
potential because of the greater level of as yet 
unutilised	resources.	Its	cost	competitiveness	
will be enhanced by a reduction in the cost of 
turbines,	particularly	through	low	cost,	high	volume	
manufacturing	in	countries	such	as	India	and	China,	
and to a lesser extent by further efficiency gains 
through turbine technology development.
Factors that may limit development of wind energy on 
a localised basis are a lack of electricity transmission 
infrastructure	to	access	remote	wind	resources,	and	
the intermittency and variability of wind energy. The 
variability of wind energy can create difficulties in 




or under construction. More detailed information on 
project developments is provided in section 9.4.2.
9.4 Outlook to 2030 for 
Australia’s wind energy 
resources and market
Australia accounts for only a small share of world 
wind energy production (an estimated 2 per cent 
in	2008);	however,	it	grew	at	a	faster	rate	(69	per	
cent) than average between 1999–00 and 2007–08. 
While	wind	currently	accounts	for	only	1.5	per	cent	of	
Australia’s electricity generation its share is likely to 
increase,	driven	substantially	by	government	policies	
such	as	the	Australian	Government’s	Renewable	
Energy Target (RET) and the fact that wind energy is 
a proven renewable energy technology with extremely 






share of total capacity 
%
South Australia 19 810.9 47.6
Victoria 19 383.9 22.5
Western	Australia 19 202.7 11.9
New	South	Wales 9 149.0 8.7
Tasmania 7 143.9 8.4
Queensland 8 12.5 0.7
Northern Territory 4 0.1 0.0
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when the turbine reaches maximum output. 
The size and output of wind turbine rotors has doubled 
over	the	past	fifteen	years	(figure	9.19).	For	example,	




Today most onshore wind turbine generators have a 
capacity	of	1.5	to	2	MW;	the	largest	wind	turbines	







Efficiency gains through onshore turbine technology 
are	now	slowing,	and	further	increases	in	cost	
competitiveness will be driven by reducing manufacturing 
costs. This is being achieved primarily through a 
move	to	low	cost,	high	volume	turbine	production.
must balance demand in real time to maintain 
system stability and reliability. This becomes more of 
a problem as the amount of wind energy incorporated 
into the grid increases and can become significant 
in	a	localised	context.	However,	at	the	levels	of	wind	
energy	penetration	projected,	these	issues	should	
be effectively managed by greater geographic spread 
of	wind	resources,	improvements	to	the	response	
capabilities	of	the	grid	through	improved	forecasting,	
continued use of conventional fuels for base load 
electricity generation and increased use of gas 
turbines in peaking generation. 
Wind energy – an increasingly cost-competitive 
mature low emissions renewable energy source 
The rapid expansion of wind energy over the past 
decade is the outcome of international research 
and development that has resulted in major 
improvements in wind turbine technology. 
The most significant technological change in wind 
turbines has been substantial increases in the 
size	and	height	of	the	rotor,	driven	by	the	desire	to	
access higher wind speeds (wind speed generally 
increases with height above the ground) and thereby 







Project Company state start up Capacity
Cape	Bridgewater Pacific	Hydro VIC 2008 58	MW
Capital	Wind	Farm Renewable	Power	Ventures NSW 2009 141	MW
Cathedral	Rocks Roaring40s/Hydro Tasmania & Acciona Energy SA 2005 66	MW
Cullerin	Range	Wind	Farm Origin Energy NSW 2009 30	MW
Emu	Downs Transfield	Services	Infrastructure	Ltd	&	Griffin	Energy WA 2006 79.2	MW
Hallett 1 AGL SA 2007 94.5	MW
Lake	Bonney	1 Babcock	and	Brown	Wind	Partners SA 2005 80.5	MW
Lake	Bonney	2 Babcock	and	Brown	Wind	Partners SA 2008 159	MW
Mount Millar Transfield	Services	Infrastructure	Ltd SA 2006 70	MW
Portland	stage	3 Pacific	Hydro VIC 2009 44	MW
Snowtown Wind	Prospect	and	Trust	Power SA 2007 98.7	MW




Waubra Acciona	Energia/ANZ	Energy	Infrastructure	Trust VIC 2009 192	MW
Wonthaggi Wind	Power	Pty	Ltd VIC 2005 12	MW
Woolnorth Roaring40s/Hydro Tasmania TAS 2007 140.25	MW
yambuk Pacific	Hydro	Ltd VIC 2007 30	MW
source: Geoscience	Australia	2009
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cent and 80 per cent of a project’s lifetime costs 
(Blanco	2009,	Dale	et	al.	2004).	This	is	primarily	
because of the high cost of turbines (figure 9.12) 
and grid integration infrastructure relative to the low 
variable costs. The only variable costs are operation 
and	maintenance	costs,	as	the	resource	used	in	
electricity	generation	(i.e.	wind)	is	free.	Individual	
turbines can cost up to $3 million. A tightness in 
supply and high metal prices led to substantial 
increases in the cost of turbines in the period  
2004–08 but prices for 2010 delivery have eased 
(Beck and Haarmeyer 2009). Figure 9.13 shows a 
schematic life-cycle cost structure of a typical wind 
farm,	as	estimated	by	Dale	et	al.	(2004).
Cost of development
The costs specific to developing a new wind farm 
will vary across projects and locations. They will be 









These factors influence the spread of development 
costs across different countries (figure 9.11). 
Lifecycle cost structure
The development of wind energy is relatively capital 
intensive	compared	with	many	other	energy	sources,	
estimated to typically comprise between 70 per 






















































A wind farm’s revenue stream at its most basic level 
is the product of the amount and price of electricity 
sold to the grid. Higher income streams are favoured 
by a higher electricity price and by larger wind farms 
with larger turbines (and hence greater capacity). 
Consequently,	countries	with	relatively	more	highly	
developed wind energy industries typically have 
a combination of good wind conditions and high 
electricity	prices.	Direct	subsidies	and	other	clean	






2 per cent of Australia’s wind energy capacity (figure 
9.14).	On	the	other	hand,	large	wind	farms	(greater	
than	100	MW	capacity)	comprised	6	per	cent	of	
operating wind farms but accounted for around 38 
per cent of Australia’s wind generating capacity. 
Medium	sized	wind	farms	(10–100	MW	capacity)	
accounted for the majority of wind energy capacity 
in	Australia,	around	60	per	cent.	Large	operations	
account for a much greater proportion of proposed 
operations	(tables	9.7	and	9.8;	ABARE	2009b).
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a) Number of installed wind farms, by farm size












































forecast market and investment outcomes.
source: EPRI	technology	status	data
The increasingly large size of wind farms reflects 
the economies of scale to be gained through larger 
operations. Heavy utilisation of sites with high wind 
potential and consolidation of generating technology 
will significantly reduce grid integration costs and 
maximise the economic gains from wind energy.  
The economies of scale can be seen by the lower 
cost	per	kWh	of	larger	wind	farms	(figure	9.15).	 
In	addition,	larger	firms	are	more	able	to	cover	the	




installations have been the large up-front capital 
costs and the associated uncertainty about achieving 
secure contracts for the electricity generated. 
However,	this	barrier	is	declining	in	importance	
because of the increasing demand for low emission 




On a levelised cost of technology basis (including 
capital,	operating,	fuel,	and	maintenance	costs,	and	





together with improvements in turbine efficiency and 
performance,	and	optimised	use	of	wind	sensing	
equipment are expected to decrease the cost of wind 
technology in the future. 
Time to develop
The development process after feasibility has been 
ascertained	is	relatively	simple,	comprising	an	
approval stage and a building stage. The length 
of	the	approval	stage	can	vary	widely,	depending	
on the relevant authorities’ requirements and the 
complexity	of	the	approval	process.	Construction	
time varies depending on a number of factors but is 
short compared with many other forms of electricity 
generation.	For	example,	the	192	MW	Waubra	
wind farm began construction in November 2006 






installation of offshore wind farms involves longer 




technology that is relatively straightforward to build 
and commission.
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grid integration – managing an intermittent 
source of energy
Wind	is	a	highly	variable	resource	and	so,	therefore,	
is wind energy production. The high ramp rate of 
wind energy production is an associated and equally 
important	characteristic,	particularly	in	integrating	 
the electricity produced into the electricity grid. 
Because wind energy increases more than 
proportionately	with	wind	speed,	electricity	generation	
from wind energy can increase very rapidly (point A to 
B	in	figure	9.17).	Similarly,	if	wind	speeds	exceed	the	
turbine rating the turbine shuts down and electricity 
generation can drop from maximum to zero very 
quickly	(point	C	to	D).	The	variability	and	intermittency	




or increasingly gas. 
Because of wind energy’s inherent supply 
intermittency	and	variability,	with	electricity	generation	
fluctuating according to the prevailing weather 
conditions,	season	and	time	of	day,	the	penetration	
of wind energy in the Australian market will depend 
in part on improved grid management practice. A 
range of initiatives is being taken to enhance grid 
responsiveness (AER 2009). An important factor in 
this process is the installation of sufficient capacity 
to effectively manage increased supply volatility.  
Grids	dominated	by	electricity	generated	from	
conventional fuels can face difficulties in dealing with 
renewables other than hydro and tend to be limited to 
10–20	per	cent	penetration	by	power	quality	issues,	
installed capacity and current grid management 
techniques.	Given	that	wind	energy	accounted	for	only	




cent of registered capacity in the National Electricity 
Market (NEM) but has a significantly higher share in 
South Australia at 20 per cent (AER 2009).
Policy environment
The current and prospective policy environments 
within which a wind farm is operating are central to 
the effectiveness and competitiveness with which 
it	operates.	Direct	support	through	subsidisation	
or	favourable	tax	policies	(as	in	some	countries),	
or indirect support for renewables from costs 
imposed on greenhouse gas emissions will enhance 
the competitiveness of wind energy and other 
renewables sources of energy. The operation of wind 
turbines	produces	no	carbon	dioxide	emissions,	and	
emissions involved in the development stage are 
modest by comparison with electricity generation from 
other	sources.	In	Australia	growth	of	wind	energy	
is favoured by the Renewable Energy Target and 














a) Number of proposed wind farms, by farm size
b) Total proposed capacity, by farm size
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‘hubs’	or	scale	efficient	network	extensions.	It	also	
noted that expansion of gas-fired generation to 
back	up	renewable	generation,	such	as	wind,	would	
place a greater demand for gas supply and pipeline 
infrastructure and lead to a greater convergence of 
the gas and electricity markets.
With	the	possible	exception	of	localised	areas	with	
significantly higher than average wind resource (such 
as	in	South	Australia	and	Western	Australia),	limits	
which place economic grid connection at risk are not 
likely to be reached in the outlook period. 
offshore wind energy developments 
Because sites with the highest wind energy potential 
tend	to	be	developed	first,	newer	wind	farms	are	
likely to be sited in areas with progressively lower 
capacity factors. There has been some evidence of 
this	in	Europe,	where	land	limitations	have	resulted	
in	a	declining	average	capacity	factor.	It	has	provided	
significant incentive to develop offshore sites. 
Currently,	development	of	wind	farms	offshore	are	
limited by the high costs of offshore foundations 
and high costs of grid connection. Offshore locations 




development into new technologies to increase the 
competitiveness of offshore wind farms is continuing. 
Offshore wind turbines are typically larger than those 
onshore to balance the increased costs of offshore 
marine foundations and submarine electric cables. 
Currently	commercial,	offshore	wind	farms	are	
installed at shallow water depths (up to 50 m) with 
foundations fixed to the seabed but large scale floating 
turbines using ballast tied to the sea floor with cables 
are	being	tested.	If	successful	this	will	allow	offshore	
deployment in water more than 100 m deep.
Offshore sites are more important in countries  
with	significant	land	access	limitations,	most	notably	
in western Europe. Because Australia has sufficient 
onshore	sites	with	high	potential,	offshore	sites	are	
unlikely to be developed in the short term. Australia’s 
offshore sites are likely to be high cost due to  
ocean depth. 
Electricity transmission infrastructure –  
a potential long term constraint
Proximity	to	a	major	energy	load	centre	is	an	
important element in a wind farm’s economic 
viability,	because	the	costs	of	transmission	
infrastructure and energy losses in transmission 
increase	with	distance	from	the	grid.	Reflecting	this,	
wind farm developments to date have mostly been in 
close proximity (less than 30 km) to the grid (figure 
9.18).	As	the	size	of	wind	farms	has	increased,	so	
has	the	distance	from	the	grid,	with	some	proposed	
up to 100 km from the grid. The increased costs 
The limits for a particular grid are determined by a 
number	of	factors,	including	the	size	and	nature	of	
existing connected generating plants and the capacity 
for	storage	or	demand	management.	In	grids	with	
heavy fossil fuel reliance and sufficient hydro for 
balancing,	wind	energy	penetrations	of	less	than	10	
per	cent	are	manageable;	penetration	levels	above	20	
per cent may require system and operational changes. 
Gas-fired	electricity	generation	using	gas	turbines,	as	
an	alternative	fast	response	energy	source,	is	likely	to	
play an increasingly important role as the proportion 
of wind and other intermittent renewable energy used 
increases (AER 2009). Augmentation of the grid will 
also be required (AEMO 2009).
Accurate and timely wind forecasting using a range 
of new techniques and real-time wind and generation 
modelling will also enhance wind energy penetration 
and	grid	integration	(Krohn	et	al.	2009).	The	Wind	
Energy	Forecasting	Capability	(WEFC)	system	will	
produce more accurate forecasts of wind electricity 
generation over a range of forecast timeframes that 
can be used by the Australian Energy Market Operator 
(AEMO),	wind	farms	and	other	market	participants	to	
better appreciate and manage the balance between 
supply and demand and the interaction between 
baseload and peakload generation. 
In	essence,	an	‘intelligence’	layer	is	being	added	to	the	
core transmission and distribution systems. Research 
into	Smart	Grids	–	automated	electricity	systems	that	
are able to automatically respond to changes in supply 
from renewables and fluctuations in electricity demand 
–	is	being	conducted	in	a	number	of	countries,	including	
Australia. Smart grids allow real-time management and 






Advanced Electricity Storage Technologies program  
is supporting the development and demonstration  
of efficient electricity storage technologies for use 
with	variable	renewable	generation	sources,	such	
as	wind,	in	order	to	increase	the	ability	of	renewable	
energy-based electricity generation to contribute to 






flexibility and further expansion of the electricity 
transmission grid into new areas not previously 
connected to allow for an expanded role of renewable 
energy	sources	in	the	future.	It	suggests	greater	
access to renewable resources clustered in remote 
geographic areas through development of connection 
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criticisms of wind farm developments are on the 
basis	of	aesthetics,	low	frequency	noise	pollution	 
and impacts on local bird populations.
Modern wind turbines can generate noise across 
the frequency range of human hearing (20 to 
20 000 Hertz) and extending to low frequency (in the 
range of 10 to 200 Hertz) and even infrasound (in 
the	range	of	20	Hz	down	to	0.001	Hz)	levels,	below	
the	detection	limit	of	the	human	ear.	Concerns	have	
been expressed that low frequency noise emitted 
by wind turbines can cause illness to those living in 
close	proximity	to	wind	turbines.	However,	research	
has shown that the levels of low frequency noise 
and infrasound emitted by modern wind turbines 
are	below	accepted	thresholds	(British	Wind	Energy	
Association 2005). There is a detailed approval 
process for every wind farm development which 
includes	rigorous	noise	assessment.	Compliance	is	
required	with	relevant	state	Environmental	Protection	
Agency guidelines and regulation.
Certified	Wind	Farms	Australia	(CWFA)	was	instituted	
to provide an auditable social and environmental 
and transmission losses involved impact significantly 




depend on extensions to the existing transmission 
grid. This is demonstrated by the significant 
reduction of the area with good wind resources 
(7 m/s and greater shown in figure 9.18) from about 
600 000 km2 to about 3300 km2 when constrained to 
within 100 km of the existing electricity transmission 
grid	(66	kV	and	greater).	The	actual	area	available	for	
wind farm development is significantly less than this 
because of other limitations such as other competing 
land	uses,	forest	cover,	access,	and	local	planning	
and	zoning	laws	(see	for	example,	SEAV	2003).	
social and environmental issues – potential 
local constraints
Although the low level of environmental impact has 
been	a	major	driver	of	wind	farm	development,	there	
are social and environmental aspects of its operation 
which have attracted criticism. The most common 
Figure 9.18 Wind	energy	resources	in	relation	to	reserved	land	and	prohibited	areas	and	the	transmission	grid.	 
A 25 km buffer zone is shown around the electricity transmission grid
source: Windlab	Systems	Pty	Ltd,	DEWHA	Renewable	Energy	Atlas	(wind	map	data);	Geoscience	Australia
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sustainability framework for the wind energy 
industry. This aims to provide a basis for continual 
assessment and improvement of best practice within 
the	industry,	and	a	mechanism	for	assessment	of	
wind farm projects against these benchmarks. 




The majority of wind turbines are based on the 
Danish	three	blade	design.	This	design	differs	from	
traditional windmills as the force from high velocity 
winds could potentially exceed the fatigue levels 
acceptable	for	components	of	the	turbine.	Therefore,	
instead	of	many	broad,	closely	spaced	blades,	three	
long narrow blades achieve a balance between wind 
captured and an ability to manage extreme wind 
volatility	(DWIA	2009).
Wind	turbines	capture	wind	energy	within	the	area	
swept by their blades. The blades in turn drive a 
generator to produce electricity for export to the 
grid. The most successful design uses blades which 
generate ‘lift’ causing the rotor to turn. Some smaller 
turbines use ‘drag’ but they are less efficient. The 
common lift-style blades have a maximum efficiency 
of	around	59	per	cent,	within	the	limits	imposed	by	
the designed maximum blade speed. Most modern 
wind turbines start producing energy at wind speeds 
of	around	4	m/s,	reach	maximum	energy	at	about	12-
14	m/s,	and	cut	out	at	wind	speeds	above	25	m/s.	
Other considerations of turbine design include 
spacing	between	turbines,	whether	they	are	oriented	
upwind or downwind and the use of static or dynamic 
rotor	designs.	In	each	case	a	trade-off	between	size,	
cost,	efficiency,	aesthetics	and	a	range	of	other	
factors is considered in the design of each farm.
Technology development has played an important role 
in increasing the competitiveness of wind energy in the 
electricity generation market. The size of wind turbines 
has reached a plateau after rising exponentially (figure
9.19). The energy output increases with the rotor 
swept area (rotor diameter squared) but the volume 




resulted in the size of turbines increasing rapidly. 
While	turbines	are	expected	to	continue	to	get	bigger,	
the additional returns from those size increases are 
likely to diminish. Research into rotor design and 




for offshore deployment. 
Box 9.3 THE	WIND	TURBINE	–	A	MAJOR	TECHNOLOGICAL	DEVELOPMENT




















and is expected to underpin a rapidly expanding 
renewables	sector.	In	the	latest	ABARE	long-term	





total primary energy consumption (table 9.6). This 
represents 12 per cent average annual growth over 
the period to 2029–30.
Table 9.6 Outlook for wind energy in Australia 
unit 2007–08 2029–30
Primary energy consumptiona PJ 14.2 160
Share of total % 0.2 2.1
Average	annual	growth,	2007–08	to	2029–30 % - 11.6
Electricity generation 
Electricity output TWh 4 44
 Share of total % 1.5 12.1
	 Average	annual	growth,	2007–08	to	2029–30 % - 11.6
a Energy production and primary energy consumption are identical 
source: ABARE 2010

































































and wind share of electricity generation 
source: ABARE 2010
CHAPTER 9:  WIND ENERGY
AUSTRALIAN ENERGY RESOURCE ASSESSMENT
257
Table 9.7 Projects	at	an	advanced	stage	of	development,	as	of	October	2009






early 2010 57	MW $135 m
Crookwell	2 Union Fenosa 
Wind	Australia




2011 92	MW $238 m
Hallett 2 Energy 
Infrastructure	
Trust




late 2009 71	MW $159 m































2011 63	MW $200 m




2010 111	MW $300 m
source: ABARE 2009b
Wind	energy	is	projected	to	be	the	second	fastest	
growing energy industry after geothermal over the 
outlook	period	to	2029–30,	reflecting	the	relatively	
low base from which it is growing and the relative 
maturity of the technology compared with other 
renewable	energy	sources.	It	is	projected	to	overtake	
hydro	electricity	production	within	the	outlook	period,	
to become the largest renewable source of electricity 
generation in Australia.
Proposed development projects
The majority of the planned expansions in wind 
energy capacity are expected to occur in southern 





wind energy potential in these areas and constraints 
imposed by the transmission grid (figure 9.21). 
As	of	October	2009,	there	were	eight	wind	projects	in	
Australia at an advanced stage of development. 
In	total,	they	have	a	planned	capacity	of	733	MW,	






additional capacity (table 9.8). Although the 
development	of	these	projects	is	not	certain,	 




stage of development. The most significant of these 






energy projects are planned for the south-east region 
of the country.
Table 9.8 Projects	at	a	less	advanced	stage	of	development,	as	of	October	2009
Project Company Location status start up Capacity Capital 
Expenditure




na 70	MW $210 m
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2010 130	MW $300 m
Baynton Transfield 
Services 











na 150	MW $300 m
























2012 270	MW $750 m
Carmody’s	Hill	
Wind	Farm











































2011 440	MW $1.2 b
Crowlands	Wind	
Farm




na 126	MW $360 m
Crows	Nest	Wind	
Farm

















































2010 248	MW $250 m




na 46.5	MW $139.5 m
Hallett 3 (Mt 
Bryan)
AGL Hallett,	SA Feasibility study 
under way
2011 80	MW $216– 
232 m
Hallett 5 (The 
Bluff)














2011 62	MW $150 m
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2010 330	MW $850 m
Milyeannup	Wind	
Farm




2011 55	MW $160 m
Moorabool	Wind	
Project













0 144	MW $432 m 




na 30	MW $60 m
Mount	Gellibrand	
Wind	Farm




na 232	MW $696 m













2010 131	MW $320– 
360 m




2012 90	MW $250 m













2011 42	MW $60–100 m




na 100	MW $280 m





Paling	yards Union Fenosa 
Wind	Australia






















































2011 1000	MW $2.2 b











na 484	MW $1.4 b
Stony	Gap	Wind	
Farm




2013 100	MW $250 m




2011 110–  
165	MW
na















2013 30	MW $63 m









na 30	MW $100 m




















na 50	MW $150 m






















































































































Worlds	End AGL Burra,	SA Feasibility study 
under way
na 180	MW $486– 
522 m
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Figure 10.1 Annual	average	solar	radiation	(in	MJ/m2)	and	currently	installed	solar	power	stations	with	a	capacity	 
of	more	than	10	kW
Source: Bureau	of	Meteorology	2009;	Geoscience	Australia
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Solar cells, photovoltaic arrays
Photovoltaics (PV)
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Primary energy consumptiona PJ 6.9 189.4 401.8
Share	of	total % 0.12 0.09 0.08
Average	annual	growth,	from	2000 % 7.2 4.3 9.6
Electricity generation
Electricity	output TWh 0.1 8.2 4.8
	 Share	of	total % 0.04 0.08 0.02
Average	annual	growth,	from	2000 % 26.1 36.3 30.8
Electricity	capacity GW 0.1 8.3 14.7
a Energy	production	and	primary	energy	consumption	are	identical 
Source:	IEA	2009b;	ABARE	2009a;	Watt	2009;	EPIA	2009























































1 2 3 4
United States
United States
a) Solar thermal use
b) Share in primary energy consumption
Figure 10.8 Direct	use	of	solar	thermal	energy,	 
by	country,	2007
Source: IEA	2009b






































a) Solar electricity generation
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OECD TWh 4.60 220
Share	of	total % 0.05 1.66
Average	annual	growth,	2007–2030 % - 18
Non-OECD TWh 0.18 182
Share	of	total % 0.00 0.86
Average	annual	growth,	2007–2030 % - 35
World TWh 4.79 402
Share	of	total % 0.02 1.17
Average	annual	growth,	2007–2030 % 	- 21
Source: IEA	2009a
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Figure 10.14 Annual	solar	radiation,	excluding	land	with	a	slope	of	greater	than	1	per	cent	and	areas	further	 
than	25	km	from	existing	transmission	lines
Source: Bureau	of	Meteorology	2009;	Geoscience	Australia
CHAPTER 10:  SOLAR ENERGY
























































































































1974-75 1977-78 1980-81 1983-84 1986-87 1989-90 1992-93 1995-96 1998-99 2001-02 2004-05 2007-08
Figure 10.17 Australia’s	primary	consumption	of	solar	energy,	by	technology
Source: IEA	2009b;	ABARE	2009a
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Figure 10.18 Solar	thermal	energy	consumption,	 
by	state,	2007–08
Source: ABARE	2009a


















1992-93 1995-96 1998-99 2001-02 2004-05 2007-08
Year
Share of total electricity generation (%)
AERA 10.19
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Year
Share of total electricity generation (%)
AERA 10.19
Figure 10.19 Australian	electricity	generation	from	 
solar energy
Source: ABARE




























































Newcastle CSIRO NSW 2005 0.6	MW
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AERA 10.22
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Figure 10.25 (a)	Example	of	a	rooftop	PV	system. (b)	A	schematic	concentrating	PV	system,	where	a	large	number	of	
mirrors	focus	sunlight	onto	central	PV	receivers
Source: CERP,	Wikimedia	Commons;	Energy	Innovations	Inc.	under	Wikipedia	licence	cc-by-sa-2.5
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Figure 10.26 (a)	Flat-plate	solar	water	heater. (b)	Evacuated	tube	solar	water	heater
Source: Western	Australian	Sustainable	Energy	Development	Office	2009;	Hills	Solar	(Solar	Solutions	for	Life)	2009
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Share of total (%)
Solar electricity generation (TWh)
Year
Figure 10.27 Projected	primary	energy	consumption	 
of	solar	energy
Source: ABARE	2009a,	2010
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Table 10.5 Proposed	solar	energy	projects	








































Primary energy consumption PJ 7 24
Share	of	total % 0.1 0.3
Average	annual	growth,	2007–08	to	20029–30 % 5.9
Electricity generation 
Electricity	output TWh 0.1 4
	 Share	of	total % 0.04 1.0
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•	 Tidal barrages (or lagoons) are based on the  





















































































































CHAPTER 11:  OCEAN ENERGY


































































































































































Primary energy consumptiona PJ - 2.0 2.0
Share	of	totalb % - 0.0009 0.0004
Average	annual	growth,	2000–2008 % - -1.3 -1.4
Electricity generation
Electricity	output TWh - 0.5 0.5
	 Share	of	totalb % - 0.005 0.003
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OECD TWh 1 12
Share	of	total % 0.009 0.091
Average	annual	growth % - 14.3
Non-OECD TWh 0.0 1
Share	of	total % 0.000 0.005
Average	annual	growth % - -
World TWh 1 13
Share	of	total % 0.005 0.038
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Tidal energy density (J/m3)
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mean 10th percentile 50th percentile 90th percentile
Northern	Territory 2069.50 18.07 1029.68 5979.38 65.45
Queensland 4153.19 33.97 2316.85 10679.20 131.35
New	South	Wales 0.36 0.024 0.19 0.96 0.0011
Victoria	and	Tasmania 488.93 6.03 378.06 1193.56 15.46
South	Australia 317.16 0.43 78.86 1014.65 10.03
Western	Australia 6179.39 249.42 7529.65 10679.20 195.43
source: Geoscience	Australia
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Wave energy density (kJ/m2)







mean 10th percentile 50th percentile 90th percentile mean
Northern	Territory 5.32 0.33 2.68 13.09 167.90
Queensland 14.72 3.52 9.03 29.82 442.80
New	South	Wales 13.61 2.77 7.31 27.19 391.04
Victoria	and	Tasmania 34.87 4.88 18.22 70.66 1100.80
South	Australia 25.51 4.28 15.35 54.96 885.13





















































































Mean wave power (kW/m)
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Fremantle	(wave	energy) Carnegie	Wave	Power	Ltd	 WA 2005 0.1	MW
Port	Kembla	(wave	energy) Oceanlinx NSW 2006 0.5	MW
San	Remo	(tidal	energy) Atlantis	Resource	Corporation VIC 2008 0.15	MW
source: Geoscience	Australia




Ocean energy provides a low emissions 






































RD&D activity is critical for the future 
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Ocean energy technologies are expected  




















China ✓ ✓ ✓






Ireland ✓ ✓ ✓
Japan ✓ ✓ ✓
Mexico ✓
Netherlands ✓ ✓
New	Zealand ✓ ✓ ✓
Norway ✓ ✓ ✓






















Canada ✓ ✓ ✓
China ✓ ✓ ✓
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australia’s population is mainly located in 
coastal areas, but grid access may be a 
significant issue for more remote future  











































Ocean energy is a zero or low emissions 
renewable resource, but other environmental 
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Table 11.10 Examples	of	different	types	of	wave	energy	converters	










LIMPET Shoreline Onshore ✓ ✓
Energetech	OWC Seabed,	shallow	water Offshore ✓ ✓
OPT	PowerBuoy Seabed,	shallow	water Offshore ✓
Hinged	(and	similar)	
devices
Oyster Seabed,	shallow	water Onshore ✓ ✓
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12.1.1 World bioenergy resources  
and market 
•	 Current	global	bioenergy	resources	used	for	











































bioenergy industry is to ensure sustainable use  
of	resources	to	avoid	any	potential	negative	









































 is absorbed 
during	the	regrowth	of	the	restored	vegetation	
through photosynthesis process.




A conventional combustion process converts solid 
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generate electricity and heat include agricultural and 
forest	residues,	and	municipal	wastes	and	residues.	
Biofuels	are	produced	from	waste	products,	grain	
(sorghum) and oil-bearing crops. Australian bioenergy 





chemical conversion processes or a combination. 
The	fuel	type	(in	particular	the	heating	value	and	





































conversion processes that result in the production 
of	ethanol	and	biodiesel.	Biofuels	can	be	broadly	
grouped according to the conversion processes:
•	 First generation biofuels are based on 
fermentation	and	distillation	of	ethanol	from	
sugar and starch crops or chemical conversion 
of	vegetable	oils	and	animal	fats	to	produce	
biodiesel. First generation technologies are proven 
and are currently used at a commercial scale.
•	 second generation biofuels use biochemical 






•	 Third generation biofuels are in research 
and	development	(R&D)	and	comprise	
integrated	biorefineries	for	producing	biofuels,	


























































































































































Primary energy consumption PJ 226 9317 48	980
Share	of	total % 3.9 4.1 9.7
Average	annual	growth,	since	2000 % 0.3 3.0 1.9
electricity generation 
Electricity output TWh 2.2 214 255
	 Share	of	total % 0.9 2.0 1.3
Average	annual	growth,	since	2000 % 8.7 4.8 6.0
Electricity capacity GW 0.87 1.6 na
Transport PJ 4.9 987 1207
Share	of	total % 0.4 1.9 1.3
Average	annual	growth,	since	2000 % - 29.9 22.9
source:  IEA	2009a;	ABARE	2009a
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b) Share in total primary energy consumption
Figure 12.6 Primary	consumption	of	bioenergy, 
by	country,	2007
source: IEA	2009a
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a) Electricity generation from bioenergy





























0 1 2 3 4 5 6 7 8
0
a) Biofuels use




CHAPTER 12:  BIOENERGY

























































OeCD TWh 217 492
Share	of	total % 2.0 3.7
Average	annual	growth,	2007–2030 % - 3.6
Non-OeCD TWh 41 347
Share	of	total % 0.5 1.6
Average	annual	growth,	2007–2030 % - 9.7
World TWh 259 839
Share	of	total % 1.3 2.4




OeCD PJ 963 3056
Share	of	total % 1.9 5.8
Average	annual	growth,	2007–2030 % - 5.1
Non-OeCD PJ 461 2512
Share	of	total % 1.0 2.9
Average	annual	growth,	2007–2030 % - 7.6
World PJ 1424 5568
Share	of	total % 1.5 4.0
Average	annual	growth,	2007–2030 % - 6.1
source: IEA	2009b






resources and the bioenergy outputs are summarised 
in	table	12.4.	There	is	a	range	of	bioenergy	resources	
(feedstocks)	available	for	multiple	conversion	
technologies to generate electricity and heat and 
produce	biofuels.	Bioenergy	resources	are	difficult	














































coconut husks and nut shells
P
Sugar	cane	 Bagasse,	fibrous	residues	of	

















Algae (micro and macro)
P T
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directly consumes the heat and electricity generated 
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used to generate electricity using reciprocating gas 
engines.	Most	facilities	are	centred	near	the	major	










sewage gas can be collected at treatment plants to 
generate	electricity	and	heat.	Organic	waste	is	fed	
into an anaerobic digester to produce a methane-rich 
biogas then combusted in customised gas engines or 
gas	turbines.	Thermal	energy	produced	by	the	engine	
during combustion is recovered and used to heat the 










































































































1989-90 1992-93 1995-96 1998-99 2001-02 2004-05 2007-08
Share of total electricity
generation (%)
Table 12.5 Capacity	of	electricity	generation	from	bioenergy	(MW),	2009






New	South	Walesa 73 81 42 3 199
Victoria 80 0 0 34 114
Queensland 19 377 15 4 415
South	Australia 22 0 10 0 32
Western Australia 27 6 6 63 102
Tasmania 4 0 0 0 4
Northern	Territory 1 0 0 0 1
australia 226 464 73 104 867
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2005–06 2006–07 2007–08 2008–09
mL mL mL mL
Biodiesel 21 54 50 85
Ethanol 42 84 149 209


















Various small producers 5 Used	cooking	oil,	tallow,	industrial	waste,	oilseeds
Total 180




Biodiesel plants not in production
Eco-Tech	Biodiesel,	Narangba,	Qld 30 Tallow,	used	cooking	oil
source: Department	of	Resources,	Energy	and	Tourism	























































resources and conversion technologies that can 
provide greenhouse gas emissions savings and 
reduce	waste	disposal	issues.	There	may	be	
opportunities	for	the	bioenergy	sector	to	support	












Project Company state Type start up Capacity 
(mW)
electricity and heat generation 
Tumut Visy Paper NSW Wood	waste 2001 17.0
Rocky	Point National	Power	and	Babcock	and	
Brown	Joint	Venture
QLD Bagasse 2001 30.0
Stapylton Green	Pacific	Energy QLD Wood	waste 2003 5.0
South	Cardup Landfill	Management	Services	Ltd WA Landfill	methane 2005 6.0
Werribee (AGL) AGL VIC Sewage	methane 2005 7.8
Pioneer 2 CSR	Sugar	Mills QLD Bagasse 2005 63.0
Woodlawn Woodlawn	Bioreactor	Energy	Pty	Ltd NSW Landfill	methane 2006 25.6
Carrum	Downs	1	&	2 Melbourne	Water VIC Sewage	methane 2007 17.0
Eastern	Creek	2 LMS	Generation	Pty	Ltd NSW Landfill	methane 2008 8.8
Condong Sunshine	Electricity NSW Bagasse 2008 30.0
Broadwater Sunshine	Electricity NSW Bagasse 2008 30.0
Transport biofuels
Dalby Dalby	Biorefinery	Ltd QLD Ethanol 2008 90.0
source: Geoscience	Australia;	ABARE
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Electricity and heat generation











































biomass production into areas that provide valuable 
ecosystems that support high biodiversity and may 







































































Technology developments – more efficient, 
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combustion technologies involve biomass being burnt 
in	the	presence	of	air	in	a	boiler	to	generate	heat	to	
produce	hot	air,	hot	water	or	steam,	which	is	used	in	



















































minor changes in the handling equipment are needed. 
For	biomass	exceeding	10	per	cent	or	if	biomass	and	
coal	are	burned	separately,	changes	in	mills,	burners	
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for	cooling	in	summer.	Refrigeration	and	air-




into cooling can reduce peak summer electricity 
consumption	and	greenhouse	gas	emissions	from	
air-conditioning	by	about	25	per	cent.	





to generate electricity and provide heating and 
cooling demands. 

























prevented its implementation on a commercial-scale. 
These	include	effective	heat	transfer	between	the	
heat carrier and biomass particles or the quenching 
of	vapours	to	stop	further	reactions	that	result	in	 
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inputs and the technology used. Waste and residue 
biomass	does	not	require	significant	energy	input	
and	generally	has	lower	greenhouse	emissions	when	














































and thermochemical processes to convert biomass 
into	biofuels.		



















other non-edible oilseed plants (e.g. Pongamia and 
Karanja).	
second generation technologies use biochemical 




















a research program covering sustainable biomass 
production,	thermochemical	conversion,	enzymatic	
conversion	and	algal	fuels	(CSIRO	2009).























































































can also provide energy and reduce environmental 
problems	associated	with	animal	wastes.	The	
























CHAPTER 12:  BIOENERGY







2005–06 2010 2020 2050
agricultural related wastes
Poultry 94	384	000	population
AD/RGE - 90 848
P - 207 207
Cattle	(feedlots) 870	025	population AD/RGE;	DC/ST - 112 442
Pigs 1	801	800	population AD/RGE 1 22 205
Dairy	cows 1	394	000	population AD/RGE - 22 89
Abattoirs 1	285	000	t AD/RGE 337 1773
Nut	shells - DC/	T 1 1
Stubble	residues	from	




5	000	000	t DC/ST 1200 3000 4600
Sugar	cane	trash,	tops	and	
leaves
4	000	000	t DC/ST - 165 3200
energy crops
Algae - AD/RGE;	P - -
Oil mallee - DC/ST;	G/GT;	P 112 484
Woody weeds















Pulp and paper mills wastes
Black	liquor - DC/ST 285 365 365
Wood	waste - DC/ST 60 85 85
Recycled	paper	wet	wastes - AD/RGE 2 8 8
Paper	recycling	wastes - DC/ST 12 48 48
Urban waste
Food and other organics 2	890	000	t
AD/RGE 13 126 565
DC/ST 16 141 189
Garden organics 2	250	000	t
P - 37 186
AD/RGE 29 84 275
Paper and cardboard 2	310	000	t
DC/ST - - 1548
P - 38 191





























these projects have the potential to produce about 
340	GWh	per	year,	with	a	long-term	estimate	of	 
about	1770	GWh	per	year.


























be flared or vented into the atmosphere. 





reduce dryland salinity and land erosion. 
The	Oil	Mallee	project	in	Western	Australia	






















































generating bioenergy. Waste material can be used 
to produce stationary energy and assist in reducing 
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Cereals 335 246 1.02
Wood	waste 240 246 1.35
Algae 495 0.27
Sugar	cane
 Whole plant 465 246 0.80
	 Bagasse 300 246 0.80
Forestry
	 Sawmill	residues 233 246 1.35
 Harvest residues 233 246 1.35
	 Pulpwood 240 246 1.35
	 Bioenergy	plantations 260 246 1.35
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to stable bio-oil. 
Rural	Industries	Research	and	Development	
Corporation	(RIRDC)	has	a	Bioenergy,	Bioproducts	
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A comprehensive and integrated assessment of 
Australia’s energy resources will be developed to 
support industry investment decision-making and 
government policy development. The Department 
of Resources, Energy and Tourism has jointly 
commissioned Geoscience Australia and the 
Australian Bureau of Agricultural and Resource 
Economics to undertake the assessment. 
The assessment will: 
1) Provide a comprehensive and integrated 
compilation and assessment of energy resources 
within Australia’s economic zones to inform 
future industry investment analysis and decision 
making and government policy development. 
This information will relate to the exploration, 
development and delivery of energy resources to 
export points and to users within the domestic 
energy market. 
2) Incorporate spatial, statistical, explanatory and, 
where appropriate, interpretive assessments 
(past, present and projected) covering: 
a) energy resources, including conventional oil, 
gas (natural and coal seam methane), coal and 
uranium resources; renewable resources (wind, 
solar, hydro and biomass); emerging resources, 
including geothermal, and non-conventional 
resources requiring further development (oil 
shale, tight gas sands, hydrate resources, deep 
coals (underground gasification), marine energy 
(renewable wave and tidal power) and thorium
b) economic information from exploration, 
development, production, to use (export and 
domestic) 
c) infrastructure, from exploration, development 
and delivery to market of energy. 
3) Incorporate (where available) related general 
information, including: 
a) human professional, technical and related 
resources of the energy resources sector 
b) social information (from the Australian Bureau 
of Statistics). 
4) Deliver: 
a) a common lexicon of energy resources  
and economic definitions 
b) a comprehensive outline (content and 
sources) of the full assessment by June 
2009, including initial analyses to inform the 
Energy Green Paper; the assessment, and 
in particular the resources component, is to 
be linked to existing resource information 
systems and internet-based mapping systems 
c) a report on future information requirements 
to support Australian energy resources 
exploration and development to 2030,  
by September 2009
d) a completed Australian Energy Resources 
Assessment to be published as a companion 
document to the Energy White Paper in 
December 2009. 
Appendix A: Australian Energy Resource Assessment  
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JORC Joint Ore Reserves Committee
LCOE Levelised cost of electricity
LNG Liquefied natural gas 
LPG Liquefied petroleum gas
MRET Mandatory Renewable Energy Target  
NEM National Electricity Market
OECD  Organisation for Economic Co-operation 
and Development
OPEC  Organisation of Petroleum Exporting 
Countries
R&D Research and development
RD&D Research, development and demonstration
RET  Department of Resources, Energy and 
Tourism (Australian Government)
RET Renewable Energy Target
SDR Sub-economic demonstrated resources 
USGS United States Geological Survey
WEC World Energy Council
Units
GJ Gigajoule – 109 joules 
Gt Gigatonne – 109 tonnes
GW Gigawatt – 109 watts
kt Kilotonne – thousand (103) tonnes
kW Kilowatt – thousand (103) watts
kWh Kilowatt-hours – thousand (103) watt-hours
ML Megalitre – million (106) litres
mmbbl  Million (106) barrels
Mt Million (106) tonnes
MW Megawatts – 106 watts
MWh Megawatt-hours – 106 watt-hours
PJ Petajoules – 1015 joules
tcf Trillion (1012) cubic feet
TJ Terajoules – 1012 joules
TWh Terawatt-hours – 1012 watt-hours
ABARE  Australian Bureau of Agricultural and 
Resource Economics
ABS Australian Bureau of Statistics
AEMC Australian Energy Market Commission
APEC Asia Pacific Economic Cooperation
APERC Asia Pacific Energy Research Centre
APPEA  Australian Petroleum Production and 
Exploration Association
ASX Australian Securities Exchange
BOM  Bureau of Meteorology (Australian 
Government)
CCS Carbon (dioxide) capture and storage
COAG Council of Australian Governments
CPRS Carbon Pollution Reduction Scheme
CSG Coal seam gas
CSIRO  Commonwealth Scientific and Industrial 
Research Organisation
DCC  Department of Climate Change 
(Australian Government)
DEWHA  Department of the Environment, Water, 
Heritage and the Arts (Australian 
Government)
EDR Economic demonstrated resources
EIS Environmental impact statement
EPA Environment Protection Agency
EPBC  Environmental Protection and Biodiversity 
Conservation Act 1999 (Commonwealth of 
Australia)
EPRI Electric Power Research Institute (of USA)
ETS Emissions Trading Scheme
GA Geoscience Australia
GHG Greenhouse gas (emissions)
GSHP Ground source heat pump
IEA International Energy Agency
IGCC  Integrated gasification combined cycle 
(electricity generation technology)
INF Inferred resources
Appendix B: Abbreviations and Acronyms
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An individual body of naturally occurring petroleum in 
a reservoir or a group of reservoirs that are related 
to a localised geological structural feature and/or 
stratigraphic condition (trap).
Availability factor  
Percentage of time that an electricity generating plant 
can be operated at full output.
Base load  
The minimum level of demand (load) on an electricity 
supply system that exists 24 hours a day.
Biofuels 
Liquid fuels (e.g. ethanol, biodiesel) produced directly 
or indirectly from biomass.
Biogas 
Gas captured from landfill sites (garbage tips), 
sewage treatment plants and livestock feedlots. 
Biomass 
Vegetable and animal derived organic materials, such 
as forestry residues, wood waste, bagasse (sugar 
cane residue), oilseed crops and animal waste.
Basin 
A geological depression filled with sedimentary rocks. 
Capacity factor  
The amount of electricity that the plant produces over 
a given period divided by the amount of electricity it 
could have produced if it had run at full power over 
that same period.
Cogeneration  
Also known as a CHP (combined heat and power). 
Simultaneous production of heat and electricity in the 
one fuel combustion process. 
Completion (petroleum)  
The process by which a finished well (borehole) is 
either sealed off or prepared for production.
Conventional resources (petroleum)  
Petroleum resources within discrete accumulations 
that are recoverable through wells (boreholes)  
and typically require minimal processing prior to  
sale. For natural gas, the term generally refers to  
methane held in a porous rock reservoir frequently  
in combination with heavier hydrocarbons. 
Conversion  
The process of transforming one form of energy into 
another before use. Conversion itself consumes 
energy, calculated as the difference between the 
energy content of the fuels consumed and that of  
the fuels produced.
Development 
Petroleum: phase in which a proven oil or gas field is 
brought into production by drilling production wells.
Minerals: phase in which the mineral deposit is brought 
into production through development of a mine.
Discovered petroleum initially-in-place  
Quantity of petroleum that is estimated, as of a given 
date, to be contained in known accumulations prior  
to production.
Discovery  
Petroleum: first well (borehole), in a new field from 
which any measurable amount of oil or gas has been 
recovered. A well that makes a discovery is classified 
as a new field discovery (NFD).
Minerals: first drill intersection of economic grade 
mineralisation at a new site.
Enhanced oil recovery  
The extraction of additional petroleum, beyond 
primary recovery, from naturally occurring reservoirs 
by supplementing the natural forces in the reservoir. 
It includes water flooding and gas injection for 
pressure maintenance (secondary processes) and 
any other means of supplementing natural reservoir 
recovery processes, including thermal and chemical 
processes to improve the in-situ mobility of viscous 
forms of petroleum (tertiary processes).
Exploration  
Phase in which a company or organisation searches 
for petroleum or mineral resources by carrying out 
detailed geological and geophysical surveys, followed 
up where appropriate by drilling and other evaluation 
of the most prospective sites.
Extension/appraisal wells (petroleum)  
Wells (boreholes) drilled to determine the physical 
extent, reserves and likely production rate of a field.
Field (petroleum)  
An area consisting of a single reservoir or multiple 
reservoirs grouped on, or related to, the same 
individual geological structural feature and/or 
stratigraphic condition. 
Fossil fuels  
A hydrocarbon deposit in geological formations  
that may be used as fuel such as crude oil, coal or 
natural gas.
Gas-to-liquids  
Technologies that use specialised processing (e.g. 
Fischer-Tropsch synthesis) to convert natural gas into 
liquid petroleum products. 
JORC Code  
The Australasian Code for Reporting of Exploration 
Results, Mineral Resources and Ore Reserves, 
prepared by the Joint Ore Reserves Committee. 
It is a principles-based code which sets out 
recommended minimum standards and guidelines 
on classification and public reporting in Australasia. 
Companies listed on the Australian Securities 
Exchange are required to report exploration 
outcomes, resources and reserves in accordance 
with the JORC Code standards and guidelines.
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Prospect (geological)  
A potential accumulation of petroleum or minerals 
that is sufficiently well defined to represent a viable 
drilling target.
Renewable resources  
Resources that can be replenished at a rate equal 
to or greater than the rate of depletion, such as 
biomass, hydro, solar, wind, ocean and geothermal.
Resources 
A concentration of naturally occurring solid, liquid or 
gaseous materials in or on the Earth’s crust in such 
form and amount that its economic exploitation is 
currently or potentially feasible. See also Appendix D.
Total final energy consumption  
The total amount of energy consumed in the final or 
end-use sectors. It is equal to total primary energy 
consumption less the energy consumed or lost in 
conversion, transmission and distribution.
Total primary energy consumption  
Also referred to as total domestic availability.  
The total of the consumption of each primary fuel 
(in energy units) in both the conversion and end-
use sectors. It includes the use of primary fuels 
in conversion activities – notably the consumption 
of fuels used to produce petroleum products and 
electricity. It also includes own-use and losses in  
the conversion sector.
Trap (geological)  
Any barrier to the upward movement of oil or gas, 
allowing either or both to accumulate. The barrier  
can be a stratigraphic trap, an overlying impermeable 
rock formation or a structural trap as result of 
faulting or folding. 
Unconventional resources (petroleum) 
Resources within petroleum accumulations that are 
pervasive throughout a large area and that are not 
significantly affected by hydrodynamic influences. 
Typically, such accumulations require specialised 
extraction technology. Examples include coal seam 
gas (CSG), tight gas, shale gas, gas hydrates,  
natural bitumen and shale oil. 
Undiscovered accumulation (petroleum) 
Generally, all undiscovered petroleum deposits 
irrespective of their economic potential. All of the 
petroleum accumulations that may occur in multiple 
reservoirs within the same structural or stratigraphic 
trap are referred to as undiscovered fields.
Wildcat well 
A petroleum exploration well drilled on a structural or 
stratigraphic trap that has not previously been shown 
to contain petroleum.
Liquid fuels  
All liquid hydrocarbons, including crude oil, 
condensate, LPG, and other refined petroleum 
products.
Load factor  
The ratio of the actual amount of kilowatt-hours 
delivered on a system in a given period of time to the 
total possible kilowatt-hours that could be delivered 
on the system over that same time period.
Megawatt, gigawatt, terawatt  
106, 109, 1012 watts respectively. Measures of 
electricity generator capacity or output. Consumption 
is measured in multiples of watt-hours. See also 
Appendix E.
Non-renewable resources  
Resources, such as fossil fuels (crude oil, natural 
gas, coal) and uranium that are depleted by 
extraction.
Peak load  
Period of most frequent or heaviest use of electricity.
Petajoule  
1015 joules, the standard form of reporting energy 
aggregates. One petajoule is equivalent to 278 
gigawatt-hours. See also Appendix E.
Play (geological)  
A model that can be used to direct petroleum 
exploration. It is a group of fields or prospects in 
the same region and controlled by the same set of 
geological circumstances.
Primary energy  
Energy found in nature that has not been subjected 
to any conversion or transformation process.
Primary fuels  
The forms of energy sources obtained directly 
from nature. They include non-renewable fuels 
such as black coal, brown coal, uranium, crude oil 
and condensate, natural gas, and renewable fuels 
such as biomass, hydro, wind, solar, ocean and 
geothermal.
Primary recovery  
The extraction of petroleum from reservoirs utilising 
the natural energy available in the reservoirs to move 
fluids through the reservoir rock to points of recovery.
Production  
Petroleum: the phase of bringing well fluids to the 
surface, separating them and storing, gauging and 
otherwise preparing them for transport.
Minerals: the phase at which operations produce 
mined product.
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Development of new energy sources requires 
reliable estimates of how much energy is available 
at potential development sites. The estimation and 
classification of energy resources varies according  
to type.  
Mineral and petroleum resource 
classification
The non-renewable energy resources are geologically-
based and their classification is largely based on the 
McKelvey resource classification system.
The McKelvey resource classification system classifies 
known (identified) resources according to the certainty 
or degree of (geological) assurance of occurrence 
and the degree of economic feasibility of exploitation 
either now or in the future. The first takes account of 
information on the size and quality of the resource, 
whereas the economic feasibility considers the 
changing economic factors such as commodity prices, 
operating costs, capital costs, and discount rates. 
The assessments of identified resources – resources 
for which the location, quantity, and quality are known 
from specific measurements or estimates from 
geological evidence – are based on and compiled 
from resource data reported for individual mineral 
deposits and petroleum and gas accumulations 
by companies but take a long term (20–25 year) 
view of the feasibility for economic extraction. The 
Australian Securities Exchange mandates standards 
for the public reporting of mineral and petroleum 
resources by Australian-listed companies. Oil and 
gas companies are required to follow the Petroleum 
Resources Management System of the Society 
of Petroleum Engineers in reporting petroleum 
resources or define the alternative standard used. 
Listed companies must follow the Joint Ore Reserves 
Committee (JORC) Code for the public reporting of ore 
reserves and mineral resources under their control. 
Data from company reports on specific projects 
are aggregated into categories in the national 
classification scheme to provide estimate of the 
national resource base.
In the national system used by Geoscience Australia 
(figure D.1), Demonstrated resources are resources 
that can be recovered from an identified resource and 
whose existence and quality have been established 
with a high degree of geological certainty, based 
on drilling, analysis, and other geological data and 
projections.
Economic demonstrated resources (EDR) are 
resources with the highest levels of geological and 






































































Demonstrated resources Inferred resources
Figure D.1 Australia’s national energy resources classification scheme (based on the McKelvey resource 
classification scheme). See text for explanation of terms
Source: Geoscience Australia
Appendix D: Resource Classification
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Agency/International Atomic Energy Agency (IAEA) 
uranium resources classification system. Economic 
Demonstrated Resources correlate with Reasonably 
Assured Resources recoverable at <US$80/kg U, and 
Inferred Resources are the same in both systems.
Coal resources are reported as Recoverable coal 
resources to allow for losses during mining.
Renewable Energy Resource Classification
Renewable energy resources are commonly transient 
and not always available, and hence not readily 
classified using the McKelvey system. Renewable 
resources are often reported in terms of output or 
installed capacity. Estimates of renewable resource 
potential are based on maps that show the energy 
(or power) potentially or theoretically available at the 
site and detailed studies of the annual and diurnal 
variation in the energy to determine the capacity 
factor (the average actual energy output compared 
with the theoretical maximum possible output if the 
energy was continuously and fully available for use).
A code based on JORC – the Australian Code for 
Reporting of Exploration Results, Geothermal 
Resources and Geothermal Reserves – has been 
developed for the public reporting of geothermal 
exploration results and classification of geothermal 
resources and reserves, covering all forms of 
geothermal energy. Geothermal reserves are energy 
that is commercially recoverable now, whereas 
‘Geothermal resources’ require further work to  
be classified as ‘Geothermal reserves’.
remaining proved plus probable commercial reserves. 
For minerals, these include JORC Code proved 
and probable ore reserves and measured and 
indicated mineral resources. For these categories, 
profitable extraction or production has been 
established, analytically demonstrated or assumed 
with reasonable certainty using defined investment 
assumptions. 
Sub-economic demonstrated resources (SDR) are 
resources for which, at the time of determination, 
profitable extraction or production under defined 
investment assumptions has not been established, 
analytically demonstrated, or cannot be assumed 
with reasonable certainty (this includes contingent 
petroleum resources). 
Inferred resources (INF) are those with a lower level 
of confidence that have been inferred from more 
limited geological evidence and assumed but not 
verified. Where probabilistic methods are used there 
should be at least a 10 per cent probability that 
recovered quantities will equal or exceed the sum of 
proved, probable and possible reserves. 
Undiscovered or potential resources are unspecified 
resources that may exist based on certain geological 
assumptions and models, and be discovered  
through future exploration. Undiscovered resource 
assessments have inbuilt uncertainties, and are 
dynamic and change as knowledge improves and 
uncertainties are resolved.
Uranium resources at the national level are 
commonly reported under the Nuclear Energy 
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Appendix E: Energy Measurement and Conversion Factors
The basic international unit of energy across all energy types is the Joule (J). It is defined as the amount of 
work done by a force of one Newton exerted over a distance of one metre. 
The basic unit of power – or energy per unit time – is the Watt (W), which is equal to one Joule per second.  
The common unit for electricity is watt (W or W
e
) which refers to electric power produced, while watt thermal 
(W
t
) refers to thermal (heat) power produced. Electricity usage (power consumption) is reported in kilowatt-
hours per year (kWh/yr), the average rate at which energy is transferred.
Both Joules and Watts are more commonly recorded in multiples.
Decimal numbering system
Multiples of energy measurements in Australia are expressed in standard international decimal  
classification terms:
Multiple Scientific exp. Term Abbreviation
Thousand 103 Kilo k
Million 106 Mega M
Billion 109 Giga G
Trillion 1012 Tera T
Quadrillion 1015 Peta P
Energy measurement
Energy production and consumption are typically reported in the International System of Units (SI) as 
petajoules (PJ) as used here but in some cases are reported in barrels of oil equivalent (BOE) and million 
tonnes of oil equivalent (MTOE).
Individual energy resources are commonly reported according to prevailing industry conventions. Petroleum 
is reported by volume and weight according to either the SI or the United States system as used by the 
American Petroleum Institute. 
In this report energy is reported in standard SI units (PJ) with the conventional volume or weight equivalent 
terms widely in use in industry in parentheses. 
Energy resource Measure Abbreviation
Oil and condensate Production, reserves: Litres (usually millions or billions) 
or barrels (usually thousands or millions) 
Refinery throughput/capacity: Litres (usually thousands 




ML, GL per day 
bd, kbd, mmbd
Natural gas Cubic feet (usually billions or trillions)
Or cubic metres (usually millions or billions of cubic metres)
bcf, tcf
m3, mcm, bcm
LNG Tonnes (usually millions)
Production rate: Million tonnes per year
t, Mt
Mtpa
LPG Litres (usually megalitres)
or barrels (usually millions)
L, ML
bbl, mmbl
Coal Tonnes (usually millions or billions)
Production rate: tonnes per year (usually kilotonnes  
or million tonnes per year)
t, Mt, Gt
tpa, Mtpa
Uranium Tonnes (usually kilotonnes) of uranium or  
of uranium oxide









Electricity Capacity: watts, kilowatts, etc
Production or use: watt-hours, kilowatt-hours, etc
W, kW, MW …
Wh, kWh, MWh …
Bioenergy
• bagasse, biomass
Tonnes (or thousands of tonnes) t, kt
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Fuel-specific to standard unit conversion factors
Oil and condensate 1 barrel = 158.987 litres
1 gigalitre (GL) = 6.2898 million barrels
1 tonne (t) = 1250 litres (indigenous)/
1160 litres (imported)
Ethanol 1 tonne = 1266 litres
Methanol 1 tonne = 1263 litres
LPG
• average 1 tonne = 1760 – 1960 litres
• naturally occurring 1 tonne = 1866 litres
Natural gas 1 cubic metre (m3) = 35.315 cubic feet (cf)
Liquefied natural gas 1 tonne = 2174 litres
Electricity 1 kilowatt-hour (kWh) = 3.6 megajoules (MJ)
Energy content conversion factors
The energy content of individual resources may vary, depending on the source, the quality of the resource, 
impurities content, extent of pre-processing, technologies used, and so on. The following table provides a 




• Victoria 1.0987 38.8
• Queensland 1.1185 39.5
• Western Australia 1.1751 41.5
• South Australia, New South Wales 1.0845 38.3
• Northern Territory 1.1468 40.5
• Average 1.1000 (54 GJ/t) 38.8
Ethane (average) 1.6282 57.5
Town gas
• synthetic natural gas 1.1043 39.0
• other town gas 0.7079 25.0
• Coke oven gas 0.5125 18.1






Crude oil and condensate
• indigenous (average) 5.88 37.0 46.3
• imports (average) 6.15 38.7 44.9
LPG
• propane 4.05 25.5 49.6
• butane 4.47 28.1 49.1
• mixture 4.09 25.7 49.6
• naturally occurring (average) 4.21 26.5 49.4
Other
• Liquefied natural gas (North West Shelf ) 3.97 25.0 54.4
Naphtha 4.99 31.4 48.1
Ethanol 3.72 23.4 29.6
Methanol 2.48 15.6 19.7
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 Exports – metallurgical coal 29.0
 Exports – thermal coal 27.0
 Electricity generation 23.4
 Other 23.9 – 30.0
Queensland
 Exports – metallurgical coal 30.0
 Exports – thermal coal 27.0
 Electricity generation 23.4
 Other 23.0
Western Australia
 Thermal coal 19.7
Tasmania






 Metal (U) 560 000







 Wood (dry) 16.2
 Bagasse  9.6




) is 0.47 petajoules per tonne. 
The oxide contains 84.8 per cent of the metal by weight
Source: ABARE; Geoscience Australia
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Appendix F: Geological Time Scale and Formation  
of Australia’s Major Energy Resources
The geological timing of some of the major non-renewable energy resources in Australia are charted.  
The geological time scale is based on Gradstein FM, Ogg J and Smith AG, A Geological Time Scale 2004, 























































































































Gippsland Basin; Bass Basin; Otway Basin
North West Shelf (Carnarvon Basin)
Black coal
Oil and gas source rocks
North West Shelf (Carnarvon Basin); Bonaparte Basin
North West Shelf; Carnarvon & Browse Basins
Coal seam gas, coal Surat Basin; Clarence-Moreton Basin
Callide, Ipswich Basins
Gunnedah Basin; Bowen Basin; Sydney Basin;




Olympic Dam, Jabiluka, Westmoreland deposits
Yeelirrie deposit
Beverley deposit





















Note: Ma = million years
